I 


Have  been  operating  satisfactorily  in  Broad-^/j 
cast  transmitters  where  the  original  lighter  fila-  >  J 
ment  types  had  proven  both  unsatisfactory  in 

D  ; 

performance  and  in  life  duration. 

Heavy  rugged  filaments  of  greatly  increased 
emission  capabilities  is  the  outstanding  feature 
of  both  of  these  Amperex  Heavy  Duty  Types. 

Effective  shielding  is  provided  for  both  the 
anode  seal  and  grid  support  seals. 

The  grids  are  of  the  special  Amperex  design, 
where  the  cross  wires  are  swedged  into  evenly 
and  accurately  spaced  notches  in  the  support¬ 
ing  rods.**  This  exactness  of  spacing  and  ab¬ 
sence  of  oxidation  and  brittleness  in  the  Am¬ 
perex  mechanically  constructed  grids,  results 
in  uniform  characteristics  and  trouble-proof 
operation. 
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Eren  where  chaatis  temperatures  ARE  elevated  the  Centralob 
resistor,  with  its  complete  ceramic  construction  baked  at  2500 
degrees,  laughs  at  a  mere  200  degrees.  Where  ordinary 
fixed  resistors  break  down  under  temperatures  of  200  or 
even  less,  Centralob  is  positively  unaffected. 

loin  the  thousands  of  Centralob  addicts  ....  specify  Cen- 
tralab  for  original  equipment  or  replacements. 


CEMTRALAB:  Div.  of  Globe-Union,  Inc. 

MILWAUKEE,  WISCONSIN 


Boptixed  in  fire  at  2500  degrees  ....  hard  as 
stone.  Center  ceramic  core,  and  ceramic  jacket 
fired  together  to  form  a  single  shock-proof  unit. 
Pure  copper  covers  resistor  end  for  wire  lea  t 
contact. 


MOUID^BAKELITE 


Old  Man  Centralob  took  his  baptism  in  a  furnace  at  2500  F. 
He  laughs  at  such  temperatures  as  200  degrees  ....  the 
sort  of  heat  he  has  to  take  sometimes  when  he  is  parked 
near  a  ballast  resistor  or  a  transformer  in  a  radio  receiver. 
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Crosstalk 


►  QRM  ...  At  a  meeting  in  January 
between  medical  and  communication.s 
men,  the  viewpoints  of  these  two  gen¬ 
eral  groups  of  people  on  the  proper  use 
of  high  frequencies  were  aired.  Dia¬ 
thermy  machines  have  been  creating 
widespread  interference  to  communica¬ 
tion  circuits.  This  has  upset  the  com¬ 
munications  people  because  of  the  scar¬ 
city  of  nther  bands.  There  has  been 
talk  of  outlawing  the  use  of  high  fre¬ 
quencies  for  purposes  other  than  com¬ 
munication;  a  bill  was  introduced  into 
the  Senate  last  session  which  would 
give  authority  to  the  FCC  to  regulate 
all  equipment  using  high  frequencies. 

On  the  other  hand  the  medical  profes¬ 
sion  is  accomplishing  certain  remark¬ 
able  results  by  the  use  of  high  fre¬ 
quency  heating  and  cutting  equipment. 
Physicians  using  this  diathermy  appa¬ 
ratus  and  manufacturers  making  it  a.sk, 
rightly,  whether  high  frequencies  should 
be  reserved  exclusively  to  the  communi¬ 
cations  people,  or  whether  the  medical 
profession  cannot  also  use  these  fre¬ 
quencies. 

At  the  meeting  the  FCC  engineers 
and  communications  engineers  pre¬ 
sented  remarkable  data  showing  the  in¬ 
terference  created  on  television  and 
other  communications  bands  by  dia¬ 
thermy  apparatus.  Demonstrations 
were  given  showing  how  this  interfer¬ 
ence  looks  on  an  oscillograph  and  on 
a  television  receiver  and  how  it  .sounds 
in  a  sound  receiver.  Records  were 
given,  aurally,  showing  the  number  of 
diathermy  interferences  at  Riverhead, 
Long  Island  on  a  typical  day  when  the 
.skip  band  was  such  that  these  signals 
must  have  come  from  distances  greater 
than  New  York.  Evidence  was  given  to 
show  that  a  diathermy  machine  could 
be  made  to  transmit  communication 
over  a  thousand  miles  or  more — and  of 
course  would  cause  trouble  on  any  com¬ 
munication  circuit  in  that  distance. 


The  medical  people  presented  clear 
evidence  of  the  good  that  is  being  done 
with  h-f  apparatus  not  only  by  aural 
report  but  by  means  of  color  movies 
showing  the  use  of  the  “radio  knife”  in 
removing  growths  from  the  face.  This 
was  mighty  conclusive  evidence  to  the 
communications  people,  many  of  whom 
left  the  room.  The  medical  people  left 
no  doubts  in  the  minds  of  the  audience 
that  means  must  be  provided  for  the  use 
of  these  high  frequencies  by  the  profes¬ 
sion. 

It  has  been  proved  that  interference 
docs  not  occur  if  the  power  lines  are 
filtered  and  if  the  entire  diathermy  in¬ 
stallation  is  placed  in  a  shield.  This 
means  the  apparatus,  the  doctor  and 
the  patient.  An  expenditure  of  $100  per 
room  would  probably  cover  this  shield¬ 
ing  problem.  But  in  a  hospital  there 
may  be  a  hundred  rooms,  or  more,  in 
which  a  diathermy  treatment  must  be 
given.  The  apparatus  is,  therefore, 
portable  and  is  moved  about.  Equip¬ 
ment  is  being  taken  out  to  homes  for 
treatment,  and  in  some  cases,  equipment 
is  rented  to  patients  who  treat  them¬ 
selves.  Such  portable  apparatus  cannot 
be  shielded  so  easily. 

It  has  been  suggested  that  all  medical 
apparatus  be  designed  to  operate  on 
one  of  several  frequencies,  and  that 
bands  covering  these  frequencies  be  set 
aside  by  the  FCC  for  use  by  the  med¬ 
ical  profession.  There  are  objections  to' 
this  procedure  both  by  the  communica¬ 
tions  people  and  by  the  medical  men. 

All  that  is  certain  is  that  the  conflict 
must  be  amicably  and  quickly  settled. 
Neither  communication  men  nor  medicos 
have  exclusive  right  to  the  use  of  high 
frequency  equipment.  On  the  other 
hand,  neither  has  the  right  to  destroy 
or  to  injure  the  high  frequencies  for 
the  other.  Both  need  the  wavelengths, 
both  perform  essential  and  important 
services. 


►  VODER  ...  In  January,  the  Bell 
Laboratories  engineers  demonstrated  at 
the  Franklin  Institute  in  Philadelphia  a 
most  remarkable  and  beautiful  machine. 
It  is  an  assembly  of  oscillators  and  am¬ 
plifiers  which,  when  properly  “played” 
will  talk  in  a  voice  which  resembles  that 
of  man,  to  a  degree  dependent  only  upon 
the  skill  of  the  operator.  Not  only 
words,  but  phrases  and  sentences  come 
from  the  Voder’s  mouth. 

This  machine  won’t  throw  anyone 
out  of  a  job;  we  don’t  see  how  anybody 
can  get  rich  out  of  it.  It  is  simply  an¬ 
other  proof  that  science  can  do  prac¬ 
tically  any  job  set  for  it.  Instead  of 
worrying  about  the  damage  (sic)  done 
to  society  by  the  machine  and  the  engi¬ 
neer,  why  do  not  the  worriers  set  the 
engineers  tasks  which  would  benefit 
man?  Given  the  proper  brains  and  a 
proper  amount  of  money,  the  scientists 
can  solve  any  reasonable  problem — 
even  to  making  a  machine  that  will  talk 
like  a  human.  That  only  thing  science 
does  not  seem  able  to  do  is  to  put  a  brain 
into  a  machine,  or  to  make  the  brain  of 
man  the  perfect  reasoning  machine  it 
ought  to  be. 


►  VULGAR  ...  In  this  issue  will  be 
found  an  extension  of  the  Industry  in 
Review  department  in  which  several  re¬ 
cent  commercial  products  are  described 
with  space  more  commensurate  with  the 
interest  of  the  devices  than  a  mere 
new  products  mention  would  provide. 

There  have  been  occasional  feelings 
among  readers  that  devoting  editorial 
space  to  a  description  of  a  product 
which  was  for  sale  smacks  of  free  ad¬ 
vertising,  that  it  constitutes  a  “puff.” 
So  far  as  the  editor  is  concerned  it 
makes  no  difference  whether  a  device 
is  advertised  or  not,  or  even  if  it  is  for 
sale.  So  long  as  it  is  interesting  or 
useful  to  the  reader,  it  merits  space. 


RADIO  ON  THE  JOB  IN  THE  NATIONAL  FORESTS 

Top — Portable  radio  in  Siskiyou  Notional  Forest,  Oregon.  Map  and  alidade,  and  radio  in  Lolo  Forest, 
Montana.  Bottom — Fire  dispatcher,  Talledega,  Alabama  and  radio  at  lire  location.  Deadwood  Creek. 

Challis  Forest.  Idaho 


Forest  Radio  Service 


SELDOM  if  ever  does  the  city 
dweller  have  occasion  to  report 
a  fire,  and  when  that  occasion  does 
arise  the  thought  of  radio  never  en¬ 
ters  the  picture.  Red-painted  alarm 
boxes  on  not-far-distant  corners,  or 
the  telephone,  provide  quick  response 
to  the  alarm — in  a  matter  of  minutes 
the  fire  equipment  rolls  up,  and  well- 
or^anized,  hijrhly-disciplined  firemen 
KO  into  action.  True  enouprh,  radio 
has  entered  the  fire-fighting  game, 
but  in  the  cities  it  is  generally  con¬ 
fined  to  communication  between  fire 
headquarters  and  roving  units  such 
as  fire  boats  or  the  cars  of  command¬ 
ing  officers. 

Fire  prevention  and  control  in  the 
vast  distances  of  the  national  forests, 
however,  involves  the  active  partici¬ 
pation  of  radio  communication — not 
only  for  purposes  of  reporting  the 
existence  of  fires,  but  also  in  the  ac¬ 
tual  fight  against  the  fire.  Here  the 
fire  may  and  often  does  present  a 
battle-front  as  e.xtended  as  that  of 
many  of  history’s  major  battles,  and 
over  terrain  that  no  rational  human 
would  ever  .select  either  for  fight  or 
frolic ! 

There  are  no  conveniently-located 
alarm  boxes  to  call  the  fire  fighters. 
As  often  as  not  there  is  no  one  within 
miles  of  the  spot  where  a  hunter’s 


By 

VV.  W.  WALTZ 

carelessly  dropped  cigarette,  or  the 
smoldering  ruin  of  a  lightning-struck 
tree  fans  into  flame  on  a  sudden 
breeze.  The  only  certainty  is  that  if 
the  fire  continues  to  burn  it  will 
smoke.  Sooner  or  later  an  alert  ob¬ 
server  on  a  mountain  peak,  or  a 
“smoke  chaser’’  on  a  pony  or  in  a  car, 
will  spot  the  fire.  Even  then,  the 
nearest  telephone  to  district  head¬ 
quarters  may  be  hours  away.  So  radio 
steps  in! 

The  observation  station,  high  up  on 
a  peak,  will  have,  in  addition  to  in- 
.struments  for  translating  the  far-dis¬ 
tant  haze  on  the  horizon  into  distance 
and  probable  magnitude  of  the  forest 
fire,  radio  telephone  for  communica¬ 
tion  with  headquarters.  The  “smoke 
chasers’’  may  have  one  of  the  small 
portable  radio  sets  of  sufficient  range 
to  enable  them  to  get  a  message 
through  to  some  point  where  it  can 
be  relayed  to  headquarters. 

Radio  equipment  intended  for  serv¬ 
ice  of  this  nature  must  be  engineered 
for  the  job.  In  this  respect,  the  For¬ 
est  Service  requirements  are  not  un¬ 
like  those  of  the  Army  in  that,  for 
some  sets,  extremes  of  compactness 


and  light  weight  must  be  attained 
even  at  the  expense  of  diminished 
range.  In  the  case  of  other  sets, 
weight  is  a  negligible  factor,  and 
range  of  operation  is  paramount.  In 
all  cases,  the  equipment  must  be  rug¬ 
ged  and  capable  of  being  used  by  per¬ 
sonnel  whose  radio  training  is  neces¬ 
sarily  incidental  to  their  primary 
function. 

The  problem  of  radio  for  the  Forest 
Service  loomed  so  great  as  to  warrant 
the  establishment  of  the  Service’s 
own  radio  laboratory.  This  is  located 
at  Portland,  Oregon,  where  the  prox¬ 
imity  of  huge  forest  reserves,  noted 
in  fact  and  fiction  alike  for  their  ter¬ 
rific  blazes,  promised  thorough  trial 
of  the  laboratory’s  results  under  se¬ 
vere  service  conditions.  It  might  be 
added  parenthetically,  that  the  ex¬ 
perience  of  the  Forest  Service  in  ask¬ 
ing  some  outside  source  to  design 
the  equipment  was  a  contributing 
factor  in  the  start  of  the  Portland 
laboratory;  evidently,  the  conception 
of  “portability”  to  engineers  work¬ 
ing  in  comfortable  offices  and  lab¬ 
oratories  was,  to  say  the  least,  at 
variance  with  that  of  forest  rangers 
who  had  to  carry  the  equipment  over 
almost  impassable  country. 

Problems  other  than  actual  equip¬ 
ment  design  soon  presented  them¬ 
selves  for  the  attention  of  the  labora¬ 
tory.  Nothing  was  known,  for  in¬ 
stance,  of  the  absorption  effects  of 
standing  timber  on  radio  waves.  Nor 
was  there  much  data  available  on 
short-wave  transmission  in  moun¬ 
tainous  country.  The  laboratory  staff 
has  had  plenty  of  problems  and  the 
dispatch  with  which  these  have  been 
handled  and  solved  speaks  well  of  this 
comparatively  recent  addition  to  the 
many  governmental  agencies  con¬ 
cerned  with  radio  communication. 

Light  in  Weight;  Long  in  Range 

As  might  be  expected,  there  are 
several  types  of  radio  equipment  in 
use  by  the  Forest  Service.  This 
equipment  ranges  from  ultra-light¬ 
weight  radiophones,  transmitting  and 
receiving  both  voice  and  code,  and 
weighing  about  15  pounds,  to  much 
larger,  permanent-station  apparatus 
requiring  motor-generators  for  power 
supply  and  having  a  consequently  in- 


Radlo  Station  oporotor'i  room  at  Mlsaoula,  Montana.  All 
photos  In  this  orticlo  ore  from  tho  United  States  Forest  Serrice 
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Example  of  U.  S.  Forest  Service 
radio  equipment  antenna  match¬ 
ing  unit  and  auto  installation 


Portable  radio  equipment  used 
in  Region  6  of  the  U.  S.  Forest 
Service.  Portland.  Oregon 


creased  range  and  versatility  of  oper¬ 
ation,  Some  pack  sets  have  been  de¬ 
signed  which  weigh  but  9  pounds; 
however,  due  to  the  fact  that  these 
sets  provide  for  c-w  transmission 
only,  although  capable  of  receiving 
phone,  their  use  is  necessarily  limited 
to  those  who  can  send  code.  A  still 
more  compact  set  for  voice  transmis¬ 
sion  and  reception,  weighing  8 
pounds,  was  later  developed  and  is 
the  type  furnished  to  the  “smoke 
chasers.” 

Since  aircraft  are  used  to  some  ex¬ 
tent  by  the  Forest  Service,  both  in 
the  detection  of  fires  and  in  their 
fighting — the  application  in  this  lat¬ 
ter  case  is  .exactly  analogous  to  the 
military  use  of  planes  for  scouting — 
it  is  imperative  that  the  aerial  ob¬ 
server  be  in  constant  communication 
with  the  ground  forces.  Changes  in 
the  course  of  the  fire  are  quickly 


spotted  and  with  the  ground  forces 
so  informed,  appropriate  changes  in 
the  line  of  defence  can  be  made.  Radio 
equipment  for  use  in  the  planes  has 
been  developed  along  with  the  other 
types  and  in  some  cases,  plane  and 
ground  equipment  are  identical  ex¬ 
cept  for  antenna  arrangements. 

One  of  the  most  recent  highlights 
in  the  developments  from  the  Port¬ 
land  laboratory  is  a  portable  set  for 
use  in  cars  or  trucks  of  the  Forest 
Service.  Shown  in  an  accompanying 
illustration  mounted  in  a  car,  the  set 
operates  in  the  3  Me  band  and  has 
proved  eminently  successful  in  es¬ 
tablishing  and  maintaining  two-way 
communication  between  cars  and 
headquarters.  Under  the  most  ad¬ 
verse  conditions  the  set  is  said  to 
have  a  range  of  twenty-five  miles, 
while  tests  have  been  made  over  dis¬ 
tances  up  to  five  hundred  miles.  When 
it  is  realized  that  these  results  were 
obtained  with  nothing  but  a  7-foot 
metal  fishing  rod  for  an  antenna,  the 
capabilities  of  the  equipment  are 
realized. 

No  little  credit  for  the  exceptional 
results  from  this  equipment  belongs 
to  the  antenna-matching  unit  devel¬ 
oped  along  with  the  radio  set.  This  is 
also  shown  in  an  accompanying  illus¬ 
tration;  the  unit  serves  to  insure  a 
perfect  match  between  the  antenna 


and  the  circuits  of  the  radiophone  set. 
This  particular  point  seems,  to  the 
outside  observer,  to  have  been  es¬ 
pecially  stre.ssed  in  all  of  the  Forest 
Service  equipment,  and  with  good 
reason.  Except  for  those  l(K*ations 
where  the  installation  is  of  a  more  or 
less  permanent  nature,  the  choice  of 
an  antenna  setup  may  not  always  be 
ideal — in  fact,  under  stress  of  emer¬ 
gency  the  antenna  may  l>e  sketchy,  to 
say  the  least.  All  available  indica¬ 
tions  are  that  this  equipment  is  so 
designed  as  to  be  as  nearly  inde¬ 
pendent  as  possible  of  antenna  con¬ 
stants. 

Frequencies  used  by  the  Forest 
Service  radio  are,  in  most  cases, 
shared  with  other  services.  The  pos¬ 
sibilities  of  mutual  interference  on 
high  frequencies  are  ever  pre.sent.  At 
a  recent  date.  Forest  Service  channel 
assignments  were  ten  in  number,  and 
ranged  from  30,940  kilocycles  to  39,- 
420  kilocycles.  Some  channels  in  the 
2500-3500  kilocycle  band  are  used  on 
a  shared  basis,  although  congestion  in 
this  band  is  severe. 

It  is  desired  to  take  this  oppor¬ 
tunity  to  acknowledge  indebtedness 
to  the  Forest  Service,  United  States 
Department  of  Agriculture,  for  as¬ 
sistance  in  obtaining  this  informa¬ 
tion  and  for  making  the  illustrative 
material  available. 


Forest  Serrice  type  of  ultra-high, 
frequency  airplane  radiophone 
set  complete  with  accessories 


Tube  Aids  Photographic  Analysis 


Electronic  discharge  tube  ilcvclopcd  as  an  outcome  of  research  on  stroboscopic  analysis 
permits  making  of  phot<»graphs  for  the  analytical  determination  of  e<piipment  operation 


FRKQUKNTLY  laboratory  inves- 
tiKJitions  develop  into  unsu.si)ect- 
inn  commercial  enterprises,  and  the 
least  promising  of  purely  scientific  re¬ 
search  evolves  into  practical  applica¬ 
tion  and  public  acceptance  after 
which,  as  Faraday  once  said,  it  mijrht 
be — and  usually  is — taxed.  The  dis¬ 
covery  of  the  “Edison  effect”  lay 
dormant  and  unused  for  years  before 
Fleminjr  and  DeForest,  backed  by  the 
“pure  science”  researches  of  O.  W. 
Richardson  on  thermionic  emission, 
made  the  vacuum  tube  the  backbone 
of  an  entire  communication  industry, 
to  say  nothin}?  about  the  door  openers, 
color  matching  devices,  and  related 
applications  described  in  another 
article  in  this  issue. 

One  of  the  most  interestiii}?  and 
fruitful  of  recent  developments  in 
the  technique  of  measurement  usin^r 
electron  tubes  has  come  out  of  the 
application  of  the  stroboscope  to  the 
examination  of  rotatin}?  and  recipro¬ 
cating  apparatus.  But  the  methods 
originally  developed  for  stroboscopic 
analysis  have  been  extended  .so  as  to 
be  suitable  for  the  analysis  of  tran¬ 
sient  as  well  as  steady  state  effects, 
and  are,  consequently,  no  longer  re¬ 
stricted  to  u.se  in  tho.se  cases  involv¬ 
ing  repetitive  motion. 


Fig.  1 — Velocity-time  curre  for  head 
of  club  and  golf  ball 


Chief  propMment  of  the  photo- 
stroboscopic  and  related  methods  of 
measurement  and  analysis  within  the 
last  few  years  has  been  Harold  E. 
PMgerton  who.se  contributions,  to¬ 
gether  with  the  differential  analyzer, 
cinema  integraph.  Hardy  automatic 
recording  spectrophotometer,  net¬ 
work  analyzer,  and  several  machines 
for  .solving  high  order  simultaneous 
algebraic  equations  have  made  Cam¬ 
bridge  the  focal  point  in  the  field 
of  technical  analysis.  Interestingly 
enough,  practically  all  of  these  pieces 
of  analytical  equipment,  developed  at 
the  Massachu.setts  Institute  of  Tech¬ 
nology,  make  use  of  electron  tubes 
somewhere  in  their  construction. 

The  cover  of  this  i.ssue  of  A7<r- 
tnniics  was  made  using  a  ga.seou.s 
di.scharge  lamp  and  associated  circuit 
which  produces  a  bright  flash  of 
light  for  a  few  micro.seconds,  the 
succe.ssive  flashes  occurring  1/lOOth 
of  a  .second  apart.  The  photograph 
is  particularly  interesting  because  of 
the  very  considerable  amount  of  in¬ 
formation  which,  under  proper  analy¬ 
sis,  it  conveys.  This  information  re¬ 
lates  not  only  to  the  stance  and  stroke 
of  the  golfer,  but  to  the  stresses, 
velocities,  accelerations,  and  deforma¬ 
tions  of  the  golfer’s  body,  the  club, 
and  the  ball.  All  in  all,  a  single  pic¬ 
ture  of  this  type  conveys  a  whole 
story  to  the  golfer  concerning  his 
technique,  and  one  manufacturer  of 
sporting  goods  (A.  G.  Spalding)  has 
adopted  the  photo-flash  technique  as 
an  aid  in  developing  and  improving 
their  products. 

In  order  to  determine  the  essential 
data  from  the  photograph,  it  is  neces¬ 
sary  to  know  that  the  camera  lens  was 
opened  during  the  entire  duration  of 
the  exposure,  and  that  the  component 
exposures  occurred  every  1  100th  of 
a  second.  Some  known  distance  is 
also  required,  and  this  is  provided 
by  the  w'ooden  bar,  near  the  golf  ball, 
which  is  marked  off  in  feet  and  pro¬ 
vides  a  convenient  scale. 

An  approximate  analysis  (which 


neglects  the  fact  that  the  photograph 
does  not  show  a  normal  projection  to 
the  plane  of  swing  of  the  club)  was 
used  to  derive  the  following  infor¬ 
mation.  Since  there  are  59  distinct 
exposures,  0.01  second  apart,  the  en¬ 
tire  swing  was  completed  in  slightly 
more  than  one  half  .second.  The 
stance  of  the  golfer  throughout  the 
swing  is  clearly  indicated,  and  the 
photograph  shows  the  cro.ss  over  of 
the  hands  as  the  ball  is  struck.  The 
distance  the  club  head  has  travelled 
between  successive  exposures  is  a 
measure  of  its  velocity.  The  velocity 
of  the  club  head  and  of  the  golf  ball 
are  shown  graphically  in  Fig.  1,  from 
which  the  acceleration  has  been  de¬ 
rived,  as  shown  in  Fig.  2. 

Assuming  that  the  ball  weighs  0.1 
lb.,  its  acceleration  at  impact  is  50.- 
000  ft  .sec"  and  the  force  at  impact 
is  5,000  lb  or  2.5  tons.  The  initial 
kinetic  energy  imparted  to  the  ball 
is  hyiv'  =  125  X  10“  foot  pounds, 
while  the  momentum  is  mv  =  5,000 
pound  feet  per  .second. 

From  an  examination  of  the  shape 
of  the  shaft,  it  is  seen  that  the  head 
of  the  club  advances  ahead  of  the 
projection  of  the  shaft  before  the  ball 
is  struck,  whereas  after-impact,  the 
head  is  retarded. — b.d. 


Fig.  2 — Acceleration-time  character¬ 
istic  for  club  head 
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An  automatic  device  which  tests  and  records  the  strength  of 
yarn,  stops  operating  when  breaks  occur  to  permit  examina¬ 
tion  of  the  rupture,  again  demonstrates  the  remarkable  ver¬ 
satility  of  electron  tube  equipment 


Dow  metal  ihuttor  and  phototubes. 
Lower  left — Side  eiew  showing 
Geneva  cam  feed.  Lower  right — 
Rear  view  of  yarn  tester  complete 
with  totalising  and  control  equip¬ 
ment 


separated  by  ten  inches  when  at  its 
full  height  is  the  other  grip,  attached 
to  a  strong  column  that  may  either 
have  a  ratchet  attached  or  a  screw 
thread  so  that  it  can  be  slowly  and 
evenly  drawn  down  by  an  electric 
motor  or  by  hydraulic  means.  The 
standard  speed  at  which  the  two 
grips  move  apart  is  equivalent  to 
twelve  inches  per  minute. 

In  making  the  test  on  this  type 
of  machine,  the  operator  places  a 
sample  of  yarn  betw'een  the  upper 
jaw’s  and  then  screws  them  up  tight. 
The  yarn  is  then  brought  down  to 
the  lower  grip  and  similarly  fastened. 
Power  is  then  applied  and  the  jaws 
tend  to  move  apart.  The  pendulum 


starts  to  move  through  its  arc  plac¬ 
ing  a  strain  upon  the  thread  until 
the  sample  breaks.  The  word  break 
is  used  advi.sedly  because  in  the  ma¬ 
jority  of  tests  the  fibres  making  up 
a  piece  of  yarn  actually  pull  or  slip 
past  one  another.  When  the  break 
occurs,  the  pointer  is  held  at  its  high¬ 
est  position  by  the  pawls,  until  re¬ 
leased  by  the  testing  operator  after 
having  read  and  noted  the  scale  read¬ 
ing.  The  grips  are  then  unscrewed, 
the  broken  pieces  of  yam  removed 
and  the  test  repeated  with  a  new  sam¬ 
ple.  Usually  ten  breaks  are  made 
from  each  sample  and  the  results  are 
then  averaged.  This  average,  com¬ 
pared  with  a  known  average  found 
through  years  of  experience  and 
thousands  of  breaks,  classifies  the 
condition  of  the  sample.  This  process 
is  tiring  work  and  an  operator  work¬ 
ing  eight  hours  a  day  is  apt  to  be¬ 
come  careless.  The  fingers  are  hard 
taxed  by  the  repeated  tightening  and 
loosening  of  clamps. 

There  has  been  a  need  for  a  tester 
which  would  be  completely  automatic 
in  its  operation,  thus  eliminating  any 
human  error;  one  that  would  operate 
at  great  speed  so  as  to  fit  in  with  our 
high  speed  production  methods  and 
give  uniform  and  comparative  results, 
regardless  of  where  the  test  is  to  be 
carried  out.  There  has  been  recently 
developed  a  new  tester  called  the  Nu- 
nan  Tester.  This  machine  is  com¬ 
pletely  automatic  in  its  operation  and 
meets  the  requirements  mentioned 
above. 

An  Electronic  Tester 

Attacking  the  problem,  the  inventor 
decided  to  use  a  springless  type  of 
scale  of  a  standard  make,  which  would 
be  rugged  and  able  to  withstand 
abuse  caused  by  constant  use.  Elec¬ 
trically  operated  thread  grips  were 
designed  and  then  the  method  of  pick¬ 
ing  up  successive  lengths  of  thread 
and  feeding  them  between  these  grips 
was  perfected.  The  next  problem  was 


to  make  the  scale  record  its  owm  read¬ 
ings.  The  various  types  of  recording 
scales  on  the  market  were  rejected  as 
unsatisfactory,  as  were  various  in¬ 
ductive  and  capacitative  methods  of 
recording  because  none  proved  rugged 
enough  to  be  used  in  a  machine  that 
would  be  turned  over  to  non-technical 
workers  in  the  factory.  The  prime  re¬ 
quisite  was  stability  and  simplicity. 
Finally  electronic  methods  were  tried. 
An  arc  made  of  Dow  metal  was  at¬ 
tached  to  the  scale  pointer  and  holes, 
one  for  each  division  on  the  scale, 
were  accurately  plotted  and  punched. 
On  one  side  of  the  shutter  was  placed 
a  phototube  and  opposite  it  a  light 
source  with  a  lens  that  would  bring 
the  beam  down  to  a  pin  point  within 
an  inch  of  its  surface  and  then  di¬ 
verge  again.  The  idea  was  to  utilize 
the  impulses  set  up  through  the  am¬ 
plifier  every  time  the  light  struck 
the  phototube  to  advance  a  selector 
switch  (step-by-step  relay).  Thus  if 
the  pointer  moved  five  divisions,  five 
impulses  would  be  set  up  and  the 
switch  would  step  ahead  a  correspond¬ 
ing  number  of  places.  From  then  on 
it  was  merely  a  matter  of  getting 
some  kind  of  record  of  this  move¬ 
ment.  The  original  scheme  was  to 
use  counters,  electrically  operated,  to 
represent  each  scale  division  and  if 
the  pointer  moved  to  fifteen-twenti¬ 
eths  of  a  pound,  for  example,  the  cor¬ 
responding  counter  w’ould  indicate  1. 
If  the  next  displacement  was  to  ten- 
twentieths,  the  counter  representing 
half  a  pound  would  register  1.  At  the 
end  of  the  tests  the  various  counters 
would  show’  numbers  indicating  how 
many  times  the  pointer  had  stopped 
at  its  corresponding  scale  division. 
The  operator  would  then  note  these 
readings  and  reset  the  counters  be¬ 
fore  resuming  the  test.  However 
when  a  unit  like  this  was  built  it  im¬ 
mediately  became  evident  that  the 
manual  reading  it  required  would  lead 
to  error,  and  except  for  an  improve¬ 
ment  in  the  weighing  mechanism,  was 
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The  Nunan 
YARN  TESTER 


By  THOMAS  J.  NUNAN 

New  York  City 


CONSIDERING  the  fact  that 
clothing  has  always  been  a  ne¬ 
cessity  to  civilized  man,  it  is  not  hard 
tc  understand  why  the  textile  indus¬ 
try  has  been  second  only  to  the  food 
industry  with  respect  to  volume  of 
output.  The  100  year  period  from 
Kay’s  invention  of  the  fly  shuttle  in 
1733  to  the  death  of  Samuel  Slater 
showed  the  greatest  development  in 
the  industry  up  to  that  time.  Yet 
when  these  methods  are  compared  to 
those  of  today,  they  are  completely 
outmoded  by  our  advanced  machin¬ 
ery  and  new  inventions.  However, 
the  basis  of  the  industry  remains 
practically  the  same.  Yarn  is  still 
the  flnal  product  of  some  process, 
new  or  old,  of  spinning  or  twisting 
animal,  vegetable  or  mineral  fibres 
into  a  single  thread. 

The  thread  making  industry  is 
based  upon  the  fact  that  these  ani¬ 
mal,  vegetable  or  mineral  fibres  cling 
together  and  can  be  drawn  out  to 
form  a  slender  and  continuous  thread. 
The  quality  and  physical  character¬ 
istics  of  this  product  depend  upon 
various  different  factors.  Among 
these  are  the  raw  material  used,  hy¬ 
groscopic  and  temperature  conditions, 
skill  and  methods  of  manufacture, 
and  conditioning  of  the  finished 
yam. 

Today  in  the  face  of  the  influence 
of  the  customer  and  the  tremendous 
competition  in  the  field,  it  is  a  neces¬ 
sity  that  a  manufacturer  produce  the 
best  possible  product  and,  what  is 
just  as  important,  one  that  is  uni¬ 
form.  To  control  uniformity,  a  con¬ 
stant  check  on  the  quality  of  the 
product  is  compulsory  after  every 
stage  of  operation.  As  a  final  check 
the  finished  yam  must  be  constantly 
sampled  and  tested,  for  size,  number, 
and  strength. 

This  need  for  testing  was  recog¬ 
nized  in  the  early  stages  of  the  in¬ 
dustry.  The  original  method  was 
known  as  the  “hand  strength  test”, 
and  in  some  mills,  especially  in 


Europe,  it  is  still  being  used  by  the 
“old  timers”. 

In  making  a  “hand  strength  test”, 
a  wooden  disk  with  a  protruding 
dowel  is  used.  At  the  end  of  the 
dowel  is  a  hook  which  is  used  to 
catch  a  loop  made  in  the  test  sample. 
Small  weights  are  slipped  over  the 
dowel  to  increase  the  load  as  desired. 
The  tester  attempts  to  lift  the  weight 
with  the  thread,  adding  unit  weights 
until  the  thread  will  no  longer  sus¬ 
tain  the  strain.  The  procedure  is 
then  to  remove  a  small  amount  of 
the  total  load,  and  if  the  sample  is 
capable  of  sustaining  the  resultant 
load  without  rupture,  its  ‘strength’ 
is  thus  determined. 

The  drawbacks  of  this  means  of 
testing  are  fairly  obvious.  In  the 
first  place,  there  is  no  means  to  de¬ 
termine  the  maximum  or  minimum 
breaking  points  of  the  samples. 
Other  factors  which  can  affect  the 
breaking  points  are  the  rate  at  which 
the  load  is  applied,  and  the  obvious 
differences  caused  by  different  test¬ 
ers.  Because  of  these  factors,  it  is 
impossible  to  obtain  comparative  re¬ 
sults. 

One  of  the  first  known  attempts  to 
improve  upon  this  method  was  made 
by  Charles  O’Neil,  an  inventor  and 
manufacturer,  in  Manchester,  Eng¬ 
land,  in  1863.  His  machine  provided 
a  means  for  holding  a  piece  of 
thread  between  two  jaws.  The  upper 
jaw  was  stationary  while  the  lower 
jaw  was  attached  to  a  water  float.  To 
bring  tension  upon  the  sample,  the 
water  was  allowed  to  escape  from 
the  float  container  causing  the  float 
to  sink.  Upon  reaching  the  ultimate 
tensile  strength  of  the  thread,  the 
water  was  measured,  and  by  refer¬ 
ring  to  tables  calibrated  for  the  pur¬ 
pose,  the  stress  was  calculated. 

Later  types  came  into  existence  as 
the  demand  for  mechanical  testers 
grew.  Among  them  were  the  bal¬ 
ance  types,  followed  by  the  spring 
t3T)es  and  still  later  by  the  pendulum 


G«n«ral  Tiawa  of  yarn  taster.  Upper 


left — Yarn,  placed  between  mag 


netic  grips,  has  been  broken  by 


downward  motion  oi  lower  grip. 


Upper  right — Qose-up  oi  photoelec¬ 
tric  units  showing  light  sources. 


or  dead  weight  variety,  which  are 
widely  used  today.  Of  these,  the 
most  accurate  is  the  Schopper  test¬ 
er.  However,  for  production  testing 
it  has*  the  disadvantage  of  being 
slow. 

The  Scott  tester,  generally  used 
in  this  country,  is  very  similar  in 
principal  and  is  faster.  A  weighted 
pendulum  is  balanced  on  roller  bear¬ 
ings  and  a  small  grip  is  attached  to 
the  hub  by  means  of  a  chain.  At 
the  bottom  of  the  pendulum  is  a 
pointer  having  several  light  pawls 
which  travel  over  a  scale  cut  in  the 
shape  of  an  arc,  the  inner  surface 
of  which  is  cut  with  ratchet  teeth. 
Directly  below  the  upper  grip  and 
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center  of  the  scale  which  therefore 
jifives  very  close  vernier  readings.  The 
weight  must  of  course  be  added  to 
the  column  of  figures  after  their  ad¬ 
dition  on  the  adding  machine  before 
the  average  is  taken  so  that  the  true 
result  is  obtained.  This  latter  opera¬ 
tion  is  the  only  time  the  human  ele¬ 
ment  comes  into  the  recording  pro¬ 
cedure. 

The  Klectricnl  Circuit 

The  o|)eration  from  the  interrup¬ 
tion  of  the  light  beams  to  the  actual 
printing  is  as  follows.  The  holes  in 
the  shutter  are  .so  spaced  that  when 
the  pointer  is  opposite  the  fir.st  grad¬ 
uation  (1  20th  lb.)  the  fir.st  light 
beam,  representing  the  odd  numbers, 
is  allowed  to  strike  the  phototube 
opposite  and  the  impulse  thus  .set  up 
is  used  to  energize  one  coil  of  a  polar¬ 
ized  relay.  This  relay  after  each 
breaking  operation  assumes  a  posi¬ 
tion  with  its  armature  again.st  the 
pole  piece  energized  by  the  ‘‘even 
amplifier”.  Upon  the  first  impul.se  it 
receives  in  the  next  breaking  opera¬ 
tion  it  will  therefore  be  in  a  position 
to  pull  over  and  transmit  that  im¬ 
pulse  further  along  the  network.  As 
the  pointer  moves  up  to  the  next 
graduation  the  other  cell-amplifier 
relay  coil  will  be  energized  pulling 
the  relay  back  again. 


The  armature  of  the  polarized  re¬ 
lay  starts  from  the  lower  position 
and  as  it  moves  to  the  upper  one,  for 
a  fraction  of  a  .second  current  is  al¬ 
lowed  to  pa.ss  (through  a  relay  train) 
to  transfer  the  impulses  from  the 
amplifiers  into  power  impulses  to 
operate  the  rotary  switch.  In  a  later 
model  this  is  accompli.shed  by  the  u.se 
of  thyratrons,  resulting  in  much 
faster  operation.  The  operation  of 
the  recording  devices  is  effected  by 
other  relays. 

Relays  are  connected  up  in  such  a 
manner  that  if  a  piece  of  thread  is 
fed  between  the  grips  but  breaks  or 
pulls  apart  due  to  the  particularly 
weak  spot  without  the  pointer  having 
moved,  the  machine  will  stop  so  that 
that  piece  can  be  examined — at  the 
same  time  the  adding  machine  is 
made  to  register  a  blank  space  so  that 
notation  can  be  made  as  to  its  cau.se. 
Relays  are  u.sed  to  stop  the  machine 
after  a  predetermined  number  of 
breaks  have  been  made. 

In  the  later  model  a  great  many 
of  the  relays  formerly  u.sed  have  been 
eliminated  by  the  iLse  of  thyratron 
tubes.  Right  relays  are  replaced 
by  a  motor  operating  contactors 
through  the  action  of  cams.  The  mo¬ 
tor  is  set  in  motion  when  the  impulses 
cease  and  makes  one  revolution.  The 
machine  is  thus  greatly  simplified. 


Complete  yarn  tetter.  Totalizing  counter  to  left  oi  adding  machine. 
Electron  tube  control  equipment  it  contoined  in  the  cabinet 


The  Nunan  tester  is  built  in  two 
sections.  One  contains  the  mechan¬ 
ical  breaker,  motor  drive,  scale,  photo¬ 
tubes  and  pre-amplifier,  while  the 
other  contains  the  power  control, 
printer,  selector  relays,  and  amplifier. 
Unit  1  could,  with  slight  changes,  be 
u.sed  independently  of  unit  2.  Auto¬ 
matic  feed  could  still  be  had,  as  well 
as  the  use  of  a  weighing  mechanism 
that  is  rugged  and  reliable.  How¬ 
ever  the  results  of  each  break  would 
then  have  to  be  recorded  by  the  oper¬ 
ator.  The  amplifiers  and  relay  units 
are  mounted  .so  as  to  allow  them  to  be 
removed  easily  for  cleaning  or  in¬ 
spection  purposes. 

Since  the  machine  is  usually  oper¬ 
ated  in  a  room  where  the  humidity  is 
maintained  at  70  per  cent,  all  the  in¬ 
terior  metal  parts  are  cadmium 
plated,  so  as  to  withstand  the  con¬ 
stant  moisture  conditions.  The  panel 
has  an  egg  shell  aluminite  fini.sh  so  as 
to  allow’  any  color  thread  to  be  visible 
to  the  eye,  against  the  background. 

Meters  are  provided  to  check  the 
a-c  and  d-c  voltages  and  by  the  use 
of  Variacs  the.se  voltages  are  adju.st- 
able  over  a  wide  range  to  comiien.sate 
for  supply  differences  when  in.stalled 
in  different  locations  and  also  line 
fluctuations  found  at  different  times 
of  the  day.  Voltage  regulators  could 
have  been  used  here  but  the  cost  w’as 
unwarranted. 

A  comparison  of  the  Nunan  tester 
with  the  pendulum  type  of  testing 
machine  shows  that  two  sources  of 
error  commonly  found  in  the  latter 
machine,  have  been  practically  elimi¬ 
nated.  The  first  is  the  frictional 
error  caused  by  the  bearings  used  in 
the  pendulum  type  testers.  These  are 
usually  packed  with  grease,  which 
must  be  kept  fresh  and  clean.  The 
bearings  in  the  Nunan  tester  are 
hardened  knife  edges  working  on 
agate  rests.  The  second  common 
error  is  the  result  of  the  inertia  of 
moving  parts.  The  weighted  pendu¬ 
lum  moves  through  a  large  arc  in¬ 
creasing  the  chances  of  error  due  to 
inertia.  The  total  latitude  of  move¬ 
ment  in  the  Nunan  tester  of  the 
w’eighted  parts  is  3  of  an  inch  for  full 
scale  readings! 

These  features  combined  with  the 
fact  that  the  machine  is  entirely 
automatic  in  its  operation  and  re¬ 
cording,  giving  uniform  results, 
without  error,  with  the  speed  neces¬ 
sary  for  our  modern  fast  means  of 
manufacture,  show  its  superiority 
over  all  other  types  of  yam  testers. 
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of  no  advantage  over  the  older  types 
of  testers.  In  addition,  there  would 
be  too  many  counters  required. 

The  solution  to  the  problem  came 
with  the  idea  of  using  a  ten  key  elec¬ 
tric  adding  machine  of  standard 
make.  At  first  magnets  with  extend¬ 
ing  arms  were  made  to  depress  the 
keys  but  later  the  bottom  plate  under 
the  keys  was  cut  out  and  eleven  sole¬ 
noids  were  mounted  directly  under¬ 
neath  and  one  connected  to  each  of 
the  keys,  and  one  to  the  “motor  bar”. 

The  electrical  circuit  beyond  the 
point  of  the  selector  switch  had  to  be 
considerably  altered  from  the  one 
used  to  operate  the  counters  so  as  to 
enable  the  printing  of  two  and  three 
figured  numbers,  and  then  to  actuate 
the  motor  bar  in  the  proper  sequence 
and  with  the  correct  time  interval  so 
as  not  to  jam  the  adding  machine. 

This  idea  worked  after  a  fashion, 
but  the  selector  usually  jumped 
ahead  extra  places  and  the  readings 
were  usually  higher  than  those  indi¬ 
cated  by  the  pointer  on  the  scale. 
This  was  found  to  be  caused  by  vibra¬ 
tion  of  the  shutter  when  only  partly 
cutting  the  light  beam  as  it  came  to 
rest.  To  remedy  this  condition  an¬ 
other  phototube  was  mounted  and 
the  number  of  holes  in  the  shutter 
was  decreased,  to  allow  the  spacing 
of  the  two  tubes  so  that  one  would 
receive  light  from  the  even  numbered 
graduations,  while  the  other  tube 
would  receive  light  from  the  odd 
numbered  graduations.  A  locking 
system  was  thereby  devised,  which 
eliminated  any  jumping  caused  by  vi¬ 
bration  of  the  shutter.  When  suf¬ 
ficient  light  reached  the  phototube 
the  relay  would  operate,  but  would 
then  remain  inoperative  until  the 
next  phototube  could  function.  In 
this  manner  vibration  of  any  kind 
can  have  no  adverse  effect. 

The  distance  between  the  jaws  was 
made  the  same  as  the  accepted  stand¬ 
ard  which  is  ten  inches.  The  load  rate 
was  made  twelve  inches  per  minute. 
The  jaws  were  large  round  disks  and 
designed  so  as  not  to  damage  the 
yam. 

The  first  complete  model  was  tried 
for  several  months  being  used  in  a 
large  thread  mill  eight  hours  a  day. 
The  results  were  compared  with 
those  obtained  by  careful  operation 
on  a  Scott  Tester  and  on  what  is 
known  as  an  Anchor  machine.  (This 
latter  uses  springs.)  Tests  were  so 
satisfactory  that  a  second  machine 
was  built  and  immediately  thereafter 
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two  more,  one  of  which  was  sent  to 
one  of  the  largest  mills  in  Paisley, 
Scotland.  Six  months  later  five  addi¬ 
tional  machines  were  ordered  in¬ 
corporating  numerous  improvements 
that  had  suggested  themselves.  A 
counter  was  added  to  indicate  at  any 
time  how  many  breaks  had  been  made 
in  a  test,  since  there  was  often  a  need 
to  tests  hundreds  of  breaks  to  check 
the  eveness  of  a  spool  or  cone.  A 
‘weak  break’  stop  also  w’as  incorpo¬ 
rated  to  stop  the  machine  if  a  speci¬ 
men  of  yam  just  pulled  apart  due  to 
an  extremely  weak  spot  without  the 
pointer  moving.  This  addition  indi¬ 
cated  a  w’eak  spot  on  the  recording 
paper  for  future  record  and  also  al¬ 
lowed  the  operator  to  examine  the 
thread  and  note  just  why  it  was  so 
weak  (knot,  acid  spot  etc.). 

The  Machine  in  Operation 

The  operator  sets  the  switch  to  a 
number  corresponding  to  the  number 
of  breaks  required.  It  may  be  ten, 
fifty,  or  more.  Fifty  gives  a  very 
good  “picture”  of  the  yarn  condi¬ 
tion. 

The  thread  is  placed  upon  the  stand 
passed  under  the  variable  tension  de¬ 
vice  and  draped  over  the  two  top 
arms.  The  starting  switch  is  then 
thrown  and  the  four  arms  move 
through  an  arc  of  90  deg.  The  mag¬ 
netic  jaws  open  during  this  cycle  and 
the  thread  that  was  laid  on  top  is 
now  drawn  between  these  jaws  which 
close  immediately  after  the  arms 
come  to  rest.  The  lower  jaw  is  driven 
downward  by  a  cam  and  the  top  one, 
attached  to  the  scale,  is  made  to  fol¬ 
low  by  the  intervening  section  of 
yarn  until  the  yarn  is  so  strained 
that  it  ruptures.  The  scale  pointer 
meanwhile  has  been  following  the 
movement  of  the  top  jaw  causing  the 
selector  relay  to  step  ahead,  because 
of  the  interrupted  light  beams,  one 
point  for  each  scale  division.  When 
the  pointer  comes  to  rest  (being  held 


by  pawls)  the  various  relays  drop 
out  in  sequence  allowing  the  solenoids 
attached  to  the  under  side  of  the 
adding  machine  to  become  momen¬ 
tarily  energized  causing  the  figure 
adjacent  to  the  pointer  to  be  lined  up 
on  the  adding  machine  and  then  the 
“motor  bar”  is  pulled  down  printing 
the  number. 

All  relays  immediately  drop  back 
to  the  starting  position,  the  jaws 
open,  the  scale  returns  to  zero  and 
by  means  of  the  Geneva  cam  the  mo¬ 
tor  moves  the  arms  another  90  deg. 
bringing  a  new  specimen  of  yarn  be¬ 
tween  the  jaws  and  the  cycle  is  re¬ 
peated  until  the  required  number  of 
breaks  has  been  made.  The  machine 
is  then  automatically  brought  to  a 
stop.  As  the  arms  swing  around 
bringing  a  new  specimen  between  the 
jaws  the  strand  of  yarn  just  broken 
is  removed  from  the  minor  grip  and 
is  dropped  on  the  floor  or  into  a 
basket. 

The  automatic  tension  device  at 
the  upper  left  of  the  panel  only  ex¬ 
erts  tension  upon  the  yarn  while  it 
is  being  pulled  between  the  jaws. 
Then  all  tension  is  released  .so  that 
there  will  be  no  back  pull  on  the  upper 
or  scale  grip.  The  dash  pot  on  the 
scale  only  works  when  the  scale  is 
returning  to  zero.  No  hindrance  is 
allowed  in  its  operation  vhile  the 
pointer  is  being  actuated  by  the  pull 
placed  upon  the  thread  under  test. 
This  is  because  the  pointer  must 
register  at  all  times  the  .strain  placed 
upon  the  yarn  at  each  particular  in¬ 
stant  and  no  lag,  as  in  ordinary 
weighing  procedure,  can  be  tolerated. 
Otherwise  it  is  obvious  that  the 
pointer  would  be  behind  its  “true” 
position  when  the  yarn  ruptured. 

A  certain  weight,  to  increa.se  the 
range  of  the  two  pound  limit  of  the 
scale  dial,  can  be  placed  previous  to 
the  test  upon  the  rear  platform  of 
the  scale.  This  weight  is  chosen  so 
that  the  average  break  occurs  in  the 
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cycles  wide.  The  introduction  of  the 
high  transconductance  tubes  has 
made  the  use  of  this  type  of  feedback 
not  only  possible,  but  highly  desir¬ 
able.  With  a  1250-ohm  plate  load  re¬ 
sistor,  and  a  150-ohm  cathode  bias 
resistor,  the  feedback  factor  (0)  is 
0.12.  With  bypassed  cathode  resistor 
the  actual  gain  would  be  11.3,  but  by 
utilizing  the  advantages  of  feedback 
by  removing  the  bypass  conden.ser, 
the  gain  falls  to  approximately  4.8. 
This  is  still  an  appreciable  stage  gain 
considering  the  fact  that  1250  ohms 
is  still  so  low  that  the  normal  shunt¬ 
ing  capacitances  do  not  cau.se  the 
respon.se  to  fall  appreciably  below  2 
megacycles.  It  was  not  necessary  to 
compen.sate  stages  2,  3.  or  4  for  high- 
frequency  loss  of  amplification  on  ac¬ 
count  of  this. 

Stage  5 

Becau.se  of  the  1851  tube  bias  point 
of  2  volts,  the  maximum  signal  which 
can  be  applied  is  le.ss  than  two  volts 
peak.  To  supply  enough  voltage  to 
drive  the  power  tube  to  a  reasonable 
extent,  stage  5  must  have  a  much 
higher  gain  than  any  of  the  inter¬ 
mediate  stages.  Bor  this  rea.son  .stage 
5  u.ses  a  cathode  bypass  condenser 
and  ha."  a  gain  of  18.  Because  the 
100  microfarads  is  insufficient  bypass 


for  the  lower  frequencies,  some  low- 
frequency  compensation  is  intro¬ 
duced  in  the  network  C,Ri.  This  plate 
lead  filter  of  the  preceding  four 
stages  is  likewise  low-frequency  com¬ 
pensation,  but  becau.se  of  the  16  mi¬ 
crofarad  condenser,  the  point  of  ac¬ 
tion  is  at  such  a  low  frequency  that 
the  amplifier  does  not  respond.  This 
low-frequency  correction  takes  place 
by  virtue  of  the  increa.se  in  total 
plate  load  impedance  ( and  hence 
.stage  gain)  as  the  frequency  is  de- 
crea.sed  due  to  the  poorer  bypassing 
action  of  C,.  The  overall  low-fre¬ 
quency  re.spon.se  of  the  amplifier  can 
be  controlled  considerably  by  a  vari¬ 
ation  of  the  value  of  C,. 

Stage  H  and  Power  Siigplies 

Cathode  feedback  is  utilized  in 
stage  6  to  minimize  the  distortion 
arising  within  the  tube.  The  rela¬ 
tively  high  plate  load  resistance  of 
this  stage  necessitates  considerable 
high-frequency  compen.sation,  which 
is  given  by  the  1.3-rnillihenry  in¬ 
ductance. 

The  conventional  rectifier-filter 
power  supply  serves  well  for  ampli¬ 
fiers  of  this  type  provided  the  plate 
supply  for  the  early  stages  is  well 
filtered.  Experience  has  shown  that 
heating  the  early  stages  with  a  stor¬ 


age  battery  substantially  elimini- 
nated  all  traces  of  hum,  indicating 
that  the  a-c  heated  cathodes  and  their 
associated  wiring  are  the  greatest 
offenders.  Careful  shielding  of  heater 
wiring  will  minimize  the  electric  ef¬ 
fect,  and  careful  twisting  of  the  wires 
will  tend  to  balance  out  the  hum 
arising  from  magnetic  coupling.  The 
geometry  of  the  ba.se  arrangement  is 
such  that  the  heater  wiring  can  be 
removed  only  a  certain  distance  from 
the  plate  circuit  of  the  tube,  and  of 
course  the  plate  circuit  of  the  first 
tube  is  coupled  directly  to  the  grid- 
of  the  .second  tube.  For  amplifiers 
whose  gain  exceeds  approximately  90 
db,  batteries  are  recommended  for 
heating  the  cathodes,  and  possibly 
for  supplying  the  plate  power  of  the 
low-level  stages. 

The  question  of  how  many  stages 
to  operate  from  one  power  supply 
was  settled  in  a  manner  that  elimini- 
nated  any  possibility  of  “motorboat¬ 
ing”,  rather  than  lessen  the  tendency 
toward  it.  For  relaxation  oscillations 
to  be  set  up,  it  is  necessary  for  the 
plate  circuit  of  one  tube  to  be  coupled 
to  the  grid  circuit  of  some  preceding 
stage  with  the  proper  phase  relation¬ 
ships.  At  least  three  stages  operating 
from  the  power  supply  are  necessary 
to  give  the  proper  phase  relationships 
to  sustain  these  oscillations.  The 
operation  of  only  two  stages  from 
the  same  power  supply  eliminates  the 
possibility  of  “motorboating” — an 
important  factor  where  the  gain  is 
appreciable — down  to  very  low  fre¬ 
quencies. 

The  power  supplies  are  conven¬ 
tional  in  every  respect.  The  power 
supply  for  stages  3  and  4  is  probably 
filtered  better  than  actually  necessary 
for  this  function.  By  closing  the 
“filament  voltage”  switch,  all  heaters 
and  filaments  are  energized.  The 
closing  of  the  “plate  voltage”  switch 
grounds  the  center  tap  of  the  high 
voltage  windings  of  all  power  trans¬ 
formers,  applying  the  plate  voltage 
to  all  stages  simultaneously. 

Response  Characteristics 

Figure  2  shows  the  overall  fre¬ 
quency  response  of  the  amplifier  as 
given  by  actual  laboratory  measure¬ 
ment.  For  the  high-frequency  meas¬ 
urements,  a  General  Radio  Standard 
signal  generator  (Model  605-B)  was 
used.  A  calibrated  output  attenuator 
is  incorporated  in  this  instrument  so 
that  the  amplifier  input  signal  could 
be  adjusted  at  will.  The  output  volt- 
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A  High-Gain,  Wide-Band, 
Laboratory  Amplifier 


Fig.  1 — Schematic  wiring  diagram  of  the  complete  high-gain,  wide-hand 
amplifier.  Its  frequency  response  characteristic  varies  less  than  3  db 
from  25  cycles  to  2  Me. 


By  F.  ALTON  EVEREST 

Oregon  State  College 


Many  problems  in  the  modern 
communication  or  electronics 
laboratories  now  require  the  use  of 
an  amplifier  which  will  respond  to 
frequencies  from  just  a  few  cycles 
per  second  to  several  million  per  sec¬ 
ond.  The  demand  for  such  an  ampli¬ 
fier  is  from  many  widely  different 
sources,  such  as  studies  relating  to 
biological  research,  transient  phe¬ 
nomena  containing  high  frequency 
components,  and  television  image  sig¬ 
nals,  to  name  but  a  few.  This  article 
is  written  to  give  a  glimpse  into  the 
problems  encountered  as  well  as  the 
constructional  features  and  electrical 
characteristics  of  such  an  amplifier. 

The  previous  two  articles  of  this 
series^  have  included  rather  ex¬ 
tensive  references  to  the  literature, 
all  of  which  deal  with  the  problems 
encountered  more  or  less  from  the 
“pencil  and  paper”  point  of  view. 
This  description  aims  at  a  more  prac¬ 
tical  approach  to  the  problem.  The 
amplifier  to  be  described  was  con¬ 
structed  at  Oregon  State  College  dur¬ 
ing  the  summer  of  1938  for  use  in 
television  research. 

Input  Stage 

A  schematic  wiring  diagram  of  the 
complete  amplifier  is  given  in  Fig.  1. 
There  are  six  stages  including  the 
power  stage.  The  overall  amplifica¬ 
tion  is  about  90  db  and  the  amplifica¬ 
tion  is  flat  within  3  db  from  25  cycles 
to  2  megacycles.  Figure  2  shows  the 
response  as  actually  measured  in  the 
laboratory.  The  input  stage  is  a  type 
1603  tube  which  is  especially  designed 
for  low  tube  and  microphonic  noise. 
•This  is  followed  by  four  stages  util- 

1  Electronics,  January  and  May,  1938. 

Note  :  The  author  wishes  to  express  bis 
appreciation  for  the  yaiuable  assistance  ren¬ 
dered  by  Mr.  Herbert  R.  Johnston,  graduate 
student  in  Eiectricai  Engineering  at  Oregon 
State  College,  in  the  development  of  this 
amplifier. 


izing  type  1851  high  tran.sconduct- 
ance  pentodes. 

To  keep  the  noise  level  as  low  as 
possible,  and  to  avoid  the  inherent 
tendency  of  the  high  transconduct¬ 
ance  type  of  tubes  tow'ard  oscillation 
with  high  grid  impedances,  the  1603 
tube  was  selected.  In  general  a  rela¬ 
tively  high  gain  is  desirable  in  the 
first  stage  of  any  high-gain  amplifier 
for  in  this  way  the  overall  signal- 
to-noise  ratio  of  the  amplifier  can  be 
held  to  a  moderate  value.  As  the 
transconductance  of  the  1603  is  only 
about  1200  micromhos,  a  plate  load 
resistor  of  3000  ohms  results  in  a 
stage  gain  of  about  3.6.  Using  a 
higher  load  resistance,  however,  re¬ 
sults  in  serious  loss  in  response  at 
the  high  frequencies.  With  3000 
ohms  it  was  necessary  to  use  about 
0.4  millihenry  iifductance  in  the  plate 
load  to  give  satisfactory  high  fre¬ 
quency  response. 

Stages  2,  3,  and  U 

Stages  two,  three,  and  four  are 
identical  in  every  respect  and  should 
be  considered  together.  These  stages 
utilize  the  1851  tubes  and  feature  the 
use  of  single-tube  feedback  obtained 


by  allowing  degenerative  voltages  to 
be  set  up  acro.ss  the  un-bypassed  cath¬ 
ode  resistors.  This  results  in  mini¬ 
mizing  the  inherent  di.stortion  of 
pentode  tubes,  an  important  factor 
for  all  but  very  small  signal  voltages. 
A  still  more  important  result  is  the 
doing  away  with  the  large  cathode 
bypass  condensers.  For  this  con¬ 
denser  to  be  an  effective  bypass  for 
the  150-ohm  resistor  at  25  cycles,  a 
reactance  of  about  10%  of  150  ohms 
or  15  ohms  would  be  required.  This 
would  call  for  a  condenser  of  about 
425  microfarads  which  would  be  very 
bulky  and  inconvenient  to  say  the 
least.  The  use  of  this  type  of  feed¬ 
back  is  at  the  sacrifice  of  gain,  and 
to  make  up  for  this  lo.8S  in  gain 
a  higher  plate  load  resistance  must 
be  used.  With  normal  tubes  any 
increase  in  this  resistance  would 
cause  the  shunting  capacitances 
to  come  into  play  at  far  too 
low  a  frequency  to  be  considered. 
With  the  high  transconductance  of 
the  1851,  moderate  gains  can  be  real¬ 
ized  with  abnormally  low  plate  load 
resistances.  An  increase  in  this  re¬ 
sistance  still  does  not  exceed  the  re¬ 
quirements  for  a  band  a  few  mega- 
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Hell  Lab  s  '*V  (uler  *  empl(»vs  tubes  tu  generate  basic  s[»eee!j 
scMiiids.  and  an  operator  to  combine  tbein  into  words 


ON  January  5th  the  Bell  Tele¬ 
phone  Laboratories  demon¬ 
strated  for  the  first  time  the  forma¬ 
tion  of  synthetic  speech  in  complete 
sentences,  when  they  revealed  the 
“Voder”  (voice  operation  demon¬ 
strator)  at  the  Franklin  Institute  in 
Philadelphia.  The  Voder  is  an  elec¬ 
tronic  instrument  controlled  by  keys 
and  capable,  when  manipulated  by  a 
skilled  operator,  of  talking  in  any 
lantrua^e,  at  any  pitch  level,  and  any 
desired  loudness.  The  Voder  differs 
from  the  phono^rraph,  which  simply 
reproduces  the  voice,  in  that  it  actu¬ 
ally  builds  up  speech  from  the  basic 
constituent  sounds  made  in  the  throat 
and  mouth.  The  immediate  practical 
u.se  is  simply  as  a  demonstration  de¬ 
vice  for  the  entertainment  of  visitors 
at  the  New  York  World’s  Fair  and 
the  San  Franci.sco  Golden  Gate  Ex¬ 
position. 

The  electronic  principle  of  the 
Voder  is  quite  simple.  Essentially, 
only  two  noi.se  jrenerators  are  em¬ 
ployed.  One  reproduces  the  “hiss” 
sounds  of  the  voice;  it  is  a  gas-filled 
tube  which  produces  a  fluctuation 
noi.se  by  es.sentially  the  same  mecha¬ 
nism  as  the  shot  effect.  The  other 
generator  is  a  relaxation  o.scillator 
which  produces  a  .saw-tooth  wave, 
similar  in  shape  to  the  waves  pro¬ 
duced  by  the  vocal  chords  (the  so- 
called  “voiced”  .sounds).  The  outputs 
of  both  of  the.se  generators  are  very 
rich  in  harmonica,  so  much  so  in 
fact  that  the  spectrum  of  each  may 
be  divided  into  bands,  all  of  which 
have  substantially  the  same  harmonic 


content.  Thus  it  is  possible  to  intro¬ 
duce  changes  in  pitch  in  the  hiss 
.sound  as  w’ell  as  the  voiced  sound, 
simply  by  p.a.ssing  the  generator  out¬ 
put  through  band-pass  filters.  Ten 
such  band-pass  filters  are  u.sed,  cover¬ 
ing  in  ten  overlapping  bands  the  en¬ 
tire  voice-frequency  range  included 
in  the  bass,  tenor,  alto  and  soprano 
voices.  Each  filter  is  .selected  by  one 
of  ten  keys,  and  the  attenuation  intro¬ 
duced  ( hence  the  loudness  of  the  re¬ 
sulting  .sounds)  is  controlled  by  the 
depth  to  which  the  keys  are  de- 
pre.s.sed.  Thus  ten  frequency  bands  of 
hiss  .sounds  and  ten  frequency  bands 
of  vowel  (voiced)  .sounds  are  avail¬ 
able  at  variable  sound  levels.  Since  the 
same  keys  are  u.sed  for  each  type  of 
.sound,  the  .selection  of  one  type  or  the 
other  is  controlled  by  a  wrist-oper¬ 
ated  switch.  In  addition  three  small 
black  keys,  operated  by  the  right 
thumb  give  the  stop-consonant 
.sounds,  known  to  phoneticists  as 
“conjugate  pairs”;  p  and  b  for  the 
first  key,  t  and  d  for  the  .second,  and  k 
and  g  for  the  third.  Finally,  a  foot 
pedal  is  provided  to  rai.se  and  lower 
the  fundamental  frequency  of  the 
sawtooth  wave  generator,  so  that  the 
changes  in  voice  pitch  normal  to  ordi¬ 
nary  speech  may  be  reproduced.  This 
combination  of  manual  and  pedal  con¬ 
trols  makes  it  possible  for  a  skilled 
operator  to  approximate  the  sounds 
of  the  human  voice  so  closely  that 
it  is  difficult  to  detect  the  difference 
between  ordinary  speech  and  the  syn¬ 
thetic  production.  The  output  of 
the  filters  and  attenuators  is  applied 


to  an  ordinary  public  address  ampli¬ 
fier  and  loudspeaker  system. 

The  tyi)e  of  skill  required  to  oper¬ 
ate  the  device  is  evidenced  by  the  fact 
that  proficiency  is  obtained  only  after 
a  year’s  practice,  at  3  hours  per  day. 
One  or  tw’o  les.sons  suffice  to  form 
such  .simple  words  as  “she  saw”,  but 
to  be  able  to  say  “Bell  Telephone  ex¬ 
hibit  at  the  San  Francisco  Fair”  is 
something  else  again.  At  the  demon¬ 
stration  none  in  the  audience  was 
successful  in  stumping  the  operator, 
even  with  such  words  as  “intercom¬ 
municability”  and  “comment  allez- 
vous?”.  It  is  true  that  the  device 
speaks  with  a  “slight  electrical  ac¬ 
cent”,  but  its  limitations  appear  to 
lie  simply  in  the  ability  of  the  oper¬ 
ator  to  analyze  the  sounds  she  hears 
into  their  component  parts,  and  her 
manual  dexterity  in  reproducing  the 
succession  of  sounds  with  the  re¬ 
quired  swiftness  and  smoothness. 


Below,  equipment  for  pro¬ 
ducing  synthetic  speech, 
containing  two  noise  gen¬ 
erators,  filters  and  atten¬ 
uators 


Synthetic  Speech 


"Voder's"  keyboard,  on 
which  the  operator  builds 
words  and  sentences  from 
their  component  sounds 
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Left — Front  view  oi  relay  rack  mounted  amplifier  with  Prof.  Everest. 
Center — View  into  the  interior  oi  the  amplifier,  with  input  and  output 
circuits  labelled,  and  sequence  of  stages  indicated.  The  staggered 
arrangement  oi  stages  is  employed  to  reduce  length  oi  leads  and 
minimise  pick-up.  High — View  of  entire  amplifier  and  power  supply 


age  of  the  amplifier  was  measured 
with  a  vacuum-tube  voltmeter  which 
was  flat  to  500  kc  and  which  was  cor¬ 
rected  to  4  megacycles.  The  capaci¬ 
tive  loading  of  this  voltmeter  must, 
of  course,  be  taken  into  account. 

In  the  region  of  300  kc  a  slight 
manifestatipn  of  a  correction  hump 
can  be  seen.  This  is  due  largely  to 
the  correction  inductance  applied  to 
the  output  stage.  The  higher  peak 
at  1.5  megacycles  is  caused  by  the 
correction  of  stage  5.  A  peak  of  this 
magnitude  was  retained  to  aid  in 
compensation  for  the  loss  in  high- 
frequency  response  due  to  the  ter¬ 
minal  apparatus  which  was  to  be  con¬ 
nected  to  the  amplifier. 

The  low-frequency  response  was 
easily  measured  by  the  usual  audio 
amplifier  technique.  As  mentioned 
before,  the  low-frequency  response 
can  be  controlled  within  quite  wide 
limits  by  the  variation  of  the  value 
of  Cl.  If  this  condenser  is  made  very 
large,  the  response  will  approach  that 
of  the  broken  line  for  the  low-fre¬ 
quency  region. 

The  broken  line  in  the  high-fre¬ 
quency  region  shows  the  response  of 
the  amplifier  with  all  correction 
chokes  removed.  It  is  realized  that 
there  are  many  other  methods  of  ob- 
[  taining  high-frequency  correction, 

but  the  simplicity  and  directness  of 
the  inductance  in  the  plate  lead  has 
much  to  recommend  it. 

While  phase  shift  measurements 
were  not  made,  these  characteristics, 
if  desired,  can  be  quite  easily  calcu¬ 


lated.  Suffice  it  to  say  that  all  low 
and  high-frequency  corrections  ap¬ 
plied  to  this  amplifier  to  aid  the 
amplitude  response,  at  the  .same  time 
cause  phase  shift  in  a  direction  which 
tends  to  correct  for  the  inherent 
phase  shift  of  the  amplifier. 

The  distortion  characteristics  were 
found  by  means  of  a  General  Radio 
harmonic  analyzer  with  the  amplifier 
being  driven  by  a  1000-cycle  signal. 

Distortion 

As  expected  for  an  unbalanced  am¬ 
plifier,  the  second  harmonic  content 
becomes  quite  high  at  the  higher  in¬ 
put  signals  as  shown  by  Fig.  3.  The 
use  of  single  tube  feedback  mini¬ 
mizes  harmonic  distortion  in  all  but 
stages  1  and  5.  As  the  signals  ap¬ 
plied  to  stage  1  are  very  low,  the 
amount  of  distortion  arising  in  it  is 
negligible.  The  greater  part  of  the 
measured  distortion  was  found  in 
stage  5  which  has  no  precautions  for 
avoiding  pentode  distortion  and 
which  is  also  driven  hard  to  supply 
sufficient  driving  voltage  for  the 
power  output  stage.  Although  10% 
total  harmonic  distortion  is  not  ex¬ 
cessive  for  most  laboratory  uses,  cer¬ 
tain  precision  measurements  may  de¬ 
mand  less.  The  distortion  of  the  am¬ 
plifier  can  be  reduced  to  very  low  pro¬ 
portions  by  the  use  of  feedback  across 
the  last  two  stages. 

The  magnitude  of  the  power  output 
which  can  be  expected  across  various 
load  resistances  is  shown  in  Fig.  4. 
The  load  resistance  for  these  curves 


is  defined  as  that  resistance  which  is 
placed  across  the  output  binding  posts 
of  the  amplifier.  The  curves  can  also 
be  used  to  find  the  output  voltage 
which  the  amj^lifier  will  develo]) 
across  various  resistance  loads  for 
three  values  of  input  signals. 

(i<tin  Adjostonnt 

Any  of  the  ordinary  methods  of 
controlling  the  gain  of  audio-fre- 
(piency  amplifiers  also  influence  the 
frequency  resjjonse  when  applied  to 
wide-band  amplifiers.  For  this  rea- 
.son.  this  amplifier  is  being  described 
as  a  con.stant-gain  amplifier  for  as¬ 
surance  that  the  amplitude  and  pha.se 
response  always  remain  the  same. 
For  a  general  laboratory  wide-band 
amplifier,  .some  method  of  controlling 
the  gain  is  neces.sary.  The  only  .sat¬ 
isfactory  answer  is  an  input  attenu¬ 
ator.  The  problem  of  designing  a 
voltage-divider  which  will  divide  volt¬ 
ages  of  frequencies  from  25  cycles 
to  two  million  cycles  per  second  is 
beyond  the  .scope  of  this  pai)er,  but 
will  be  covered  later. 

The  answer  to  the  problem,  however, 
is  found  in  the  u.se  of  a  resistance 
divider  and  a  capacitance  divider  in 
parallel.  Very  satisfactory  results 
can  be  obtained  from  an  attenuator 
of  this  type,  although  the  initial  ad¬ 
justment  is  rather  laborious  without 
special  equipment.  This  adjustment 
can  be  carried  out  in  a  very  satisfac¬ 
tory  manner,  however,  with  the  aid  of 
an  amplifier  such  as  described  and 
ordinary  laboratory  instruments. 

The  physical  arrangement  of  the 
individual  stages  is  shown.  The  level 
of  the  different  stages  is  so  adjusted 
that  the  plate  lead  of  one  tube  will 
have  a  minimum  length  in  running  to 
the  grid  of  the  next  stage.  This  nat¬ 
urally  leads  to  a  staggered  arrange¬ 
ment.  The  input  terminals  pass  to 
the  special  attenuator  in  the  upper 
left  compartment.  The  signal  is  then 
fed  as  shown.  This  type  of  arrange¬ 
ment  is  almost  necessary  for  the 
1851  type  of  tubes  in  which  the  grid 
cap  comes  out  the  top. 

Many  improvements  in  circuits, 
component  parts,  and  physical  ar¬ 
rangement  could  probably  be  made. 
For  instance,  the  recent  1852  and 
1231  types  of  television  pentodes  hav¬ 
ing  the  grid  connection  at  the  base 
open  up  the  possibility  of  the  use  of 
the  conventional  chassis  layout.  On 
the  whole,  however,  this  amplifier  has 
been  very  satisfactory  and  has  been 
used  in  television  re.search  work. 
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Tube  Equipment  in  Industry 


A  survey,  presented  in  tabular  form,  of  industrial  electronic  equipment  now  available  from 
manufacturers.  Intended  to  serve  as  a  guide  to  the  prospective  user  and  purchaser  of  non¬ 
communication  tube-operated  devices,  compiled  from  all  sources  known  to  Electronics*  staff 


Tubes  have  found  their  way  into 
industry  through  two  important 
channels :  through  the  efforts  of  indi¬ 
vidual  engineers  who  have  designed 
their  own  equipment  to  meet  their 
own  particular  problems,  and  through 
the  sale  of  more  or  less  complete 
equipment  by  organizations  who  spe¬ 
cialize  in  development  of  tube-oper¬ 
ated  devices.  To  make  available 
more  information  on  the  second  of 
these  two  channels,  the  editors  re¬ 
cently  undertook  to  obtain  as  com¬ 
plete  a  list  as  possible  of  the  manu¬ 
facturing  organizations  who  offer  in¬ 
dustrial  electronic  devices  for  sale. 
The  result  is  the  table  shown  opposite 
which  lists  some  40  manufacturers 
and  50  products  cross-indexed  by 
symbols  which  indicate  in  a  general 
way  the  types  of  equipment  available 
from  each  concern. 

The  table,  which  is  as  complete  as 
possible,  has  been  compiled  with  the 
following  restrictions  in  mind:  the 
products  listed  are  complete  equip¬ 
ments  which  use  electron  tubes  for 
some  other  purpose  than  the  commun¬ 
ication  of  intelligence.  For  this  rea¬ 
son  component  parts,  radio  and  tele¬ 
phone  equipment  are  not  listed.  Nor 
does  the  list  contain  equipment  (such 
as  cathode-ray  oscillographs,  tube 
testers,  oscillators,  etc.),  which  occa¬ 
sionally  finds  its  way  into  industrial 
pursuits  but  whose  main  field  of  use 
is  in  communications.  The  names 
of  the  equipment  listed  contain  some 
duplication  (for  example  a  densitom¬ 
eter  may  also  be  used  as  a  transpar¬ 
ency  meter,  and  in  some  cases,  vice 
versa) ,  but  in  general  the  items  listed 
perform  widely  varying  functions. 

To  obtain  the  list  of  manufacturers 
several  sources  of  information,  in¬ 
cluding  the  subscription  lists  of  Elec¬ 
tronics,  were  employed.  In  all  117 
manufacturers  were  circularized,  and 
replies  from  over  50  were  obtained. 
Those  listed  in  the  table  represent 
replies  on  hand  when  the  table  was 
compiled.  Several  additions  are  listed 


at  the  end  of  this  page.  It  is  virtu¬ 
ally  impossible  to  obtain  a  complete 
list,  and  for  that  reason,  the  editors 
request  readers  who  have  any  con¬ 
nection  with  concerns  in  this  field  to 
write  the  editorial  offices,  giving  the 
name  and  address  of  the  firm,  and  if 
possible  some  of  the  particulars  of 
the  products  made.  This  information 
will  be  kept  on  file,  and  published  in 
a  later  issue. 

The  cooperation  of  the  various 
manufacturers  has  been  overwhelm¬ 
ing.  Over  100  photographs  of  differ¬ 
ent  electronic  devices  were  received, 
of  which  only  16  could  be  accommo¬ 
dated  in  the  present  article  (see  fol¬ 
lowing  pages).  The  remaining  pic¬ 
tures  are  in  the  active  file,  and  will 
be  used  in  the  “Tubes  At  Work”  de¬ 
partment  as  rapidly  as  space  permits. 
Even  more  voluminous  were  the  de¬ 
scriptive  letters  and  bulletins  accom¬ 
panying  the  pictures  (by  actual 
weight,  15  pounds  of  “literature”  was 
received).  To  attempt  to  put  into  a 
single  article  even  a  small  part  of  this 
material  would  result  in  meager  de¬ 
scriptions,  unfair  to  the  reader  and 
to  the  manufacturer  alike.  In  con¬ 
sequence,  no  attempt  has  been  made 
to  describe  any  particular  manufac¬ 
turer’s  products,  their  purposes  or 
virtues. 

In  place  of  particularized  descrip¬ 
tions,  a  comprehensive  table  of  indus¬ 
trial  electronic  equipment  functions 
has  been  prepared  to  allow  the  reader 
to  see  at  a  glance  the  nature  of  the 
tasks  to  which  electron  tubes  are  now 
applied.  Three  groups  have  been  set 
up:  electronic  measuring  instru¬ 
ments;  electronic  process  controls; 
and  electronic  safeguards  and  alarm 
devices.  The  usual  name  for  the  ap¬ 
paratus  which  performs  a  function 
within  each  group  has  been  stated, 
together  with  brief  descriptions  of 
the  electronic  principles  involved  and 
the  fields  in  which  the  devices  are 
used.  Of  necessity  not  every  device 
and  function  in  the  field  has  been 


listed,  owing  either  to  limitations  of 
space  or  the  ignorance  or  forgetful¬ 
ness  of  the  compiler.  The  editors  wel¬ 
come  comments,  additions,  and  sug¬ 
gestions  for  changes  in  emph;wis 
from  all  interested  jiersons. 

A  few  general  conclusions  may  be 
drawn  from  the  manufacturer-v.s- 
product  table  .shown  opposite.  One 
is  the  amazing  variety  of  devices 
actually  available  from  .several  of  the 
concerns,  large  and  small  alike.  Pho¬ 
totubes  continue  to  serve  the  major¬ 
ity  of  the  control  and  measurement 
functions,  but  the  capacity-operated 
relay  is  increasing  in  importance, 
largely  due  to  the  research  in  recent 
months  which  has  established  the 
limits  within  which  these  devices  may 
be  used  reliably. 

The  combination  of  the  two  tables, 
showing  electronic  functions  in  one, 
and  the  manufacturers  of  devices  to 
perform  these  functions  in  the  other 
may  prove  helpful  in  orienting  the 
prospective  industrial  users  of  tubes 
in  the  field.  If  the  problem  is  one 
of  measurement,  control,  or  super¬ 
vision,  and  if  it  coincides  with  a  func¬ 
tion  listed  in  any  of  these  groups, 
electron  tubes  may  help  to  solve  the 
problem,  and  an  inquiry  to  the  manu¬ 
facturers  of  the  particular  device  may 
reveal  at  once  whether  tubes  are  the 
answer  or  whether  it  must  be  sought 
elsewhere.  It  is  hoped  that  the  com¬ 
pilation  will  prove  helpful  in  bringing 
closer  together  the  prospective  users 
of  tube  equipment  and  manufacturers. 

In  addition  to  the  manufacturers 
listed  in  the  table,  the  following  list 
should  be  consulted:  Allis-Chalmers 
Manufacturing  Co.,  power  rectifiers. 
Central  Scientific  Co.,  pH  concentra¬ 
tion  indicators,  phototube  relays,  rec¬ 
tifiers,  regulated  rectifiers.  Geophys¬ 
ical  Instrument  Co.,  metal  detectors. 
Illinois  Testing  Laboratories,  Inc., 
capacity-operated  relays,  metal  detec¬ 
tors.  Rubicon  Company,  welding 
controls  and  recorders.  Will  Corpora¬ 
tion,  pH  concentration  meters. 
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Industrial  Electronic  Devices  and  their  Functions 


GROUP  1 

iiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiHniiiiiiiiiiiiiiniiiiiiiiiiiiiniiiiiiiiiiiiiiiii»i>ii»»i»' 


MEASUREMENT 

Meters  and  used  to  measure  physical  and  chemical  quan¬ 

tities.  Direct-reading  scale  instruments.  Separately-calibrated 
scale  instruments.  Comparison  (sample-vs-standard)  instruments. 


QUANTITY 

MEASURED 

NAME  OF 
DEVICE 

ELECTRONIC  PRINCIPLE 

PRINCIPAL  FIELDS  OF  USE 

Acoustic 

intensity 

Sound  Level  Meter 
Sound  Analyzer 
Vibration  Meter 
Vibration  Analyzer 

Electronic  amplification  of  microphone  or  vibra¬ 
tion  pick-up  current 

Machine  development. 

Architecture. 

Civil  noise  control. 

Testing  materials. 

Color 

Colorimeter 

Color  Comparator 
Color  Analyzer 

Generation  of  photoelectric  current  in  phototube 
or  phototube;  amplification 

Paint,  pigment,  and  printing  ink  industries. 
Biology.  Textile  and  paper  industries. 

Current  (electric) 

Electrometer 

High-input  resistance  tube  for  measuring  voltage 
across  resistance  developed  by  current 

Insulation  testing.  Astronomy. 

General  laboratory  practice. 

Density  (optical) 

Densitometer 

Microdensitometer 

Measurement  of  light  attenuation  by  phototube 
or  photocell;  amplification 

Photography.  Astronomy.  Spectroscopy. 

Frequency  (electric) 

Frequency  meter 
Frequency  standard 

Resonant  circuit,  oscillation  and  amplification. 
Piezo  oscillation  and  amplification 

High  frequency  engineering.  Exact  stand¬ 
ards  of  time.  Astronomy.  General  Labora¬ 
tory  practice. 

Humidity 

Humidometer 

Measurement  of  capacitance  change  in  resonant 
circuit  containing  humidified  article  as  di¬ 
electric 

Paper-making  and  textile  industries. 

Light  intensity 

Photometer 
Illumination  meter 

Generation  of  photoelectric  current  in  photo¬ 
tube  or  photocell;  amplification 

Photography.  Lamp  development.  Illumina¬ 
tion  engineering. 

Number 

Electronie'eounters 

Actuation  of  light-operated  or  capacity  operated 
relay  by  counted  object 

General  factory  practice,  conveyors,  packing, 
etc.  Cosmic  ray  studies.  Traffic  surveys. 

pH  concentration 
(hydrogen  ions) 

pH  meter  f 

Titration  meter 

Measurement  of  high  resistance  between  elec¬ 
trodes 

General  chemical  research,  development,  and 
factory  practice. 

Pressure  (of  gases) 

Pressure  indicator 

Measurement  of  capacitance  change  in  resonant 
circuit  containing  pressure-element 

Engine  development.  Ballistics. 

Reflection  (optical) 

Reflectometer 

Photoelectric  comparison  of  light  reflected  from 
sample  and  standard  surfaces 

Painb.  Paper.  Textiles.  Metal  platin. 

Resistance  (electric) 

Wheatstone  bridge 
(electronic) 

Use  of  electron  tube  in  one  or  two  arms  of  bridge 
for  high  resistance  measurement 

General  electrical  laboratory  practice.  High 
resistance  measuremenb. 

Rotation- 

reciprocation 

Stroboscope 

Control  by  thyratron,  of  current  pulses  through 
electronic  lamp 

Machine  development.  Photography.  Gen¬ 
eral  mechanical  laboratory  practice. 

Temperature 

Optical  pyrometer 

Measurement  of  color  temperature  by  photo¬ 
electric  means 

Steel  and  alloy  research  and  production. 
General  laboratory  practice.  Lamp  de¬ 
velopment. 

Thickness 

Electronic  thickness 
gauge 

Electronic  contact  indicator  with  penetration 
gauge.  Inductive  measurement  in  magnetic 
gauge 

Paint  and  other  coatings. 

Time 

Electronic  timers 

Measurement  of  charge  accumulation  on  capaci¬ 
tor,  by  v-t  voltmeter 

Traffic  conbols  and  survey.  General  mech¬ 
anical  engineering  and  factory  practice. 

Transparency 

(optical) 

Transometer 

Photoelectric  measurement  of  light  attenuation 
of  transparent  object 

Paper  and  textile  industries. 

Turbidity 

Turbidity  meter 

Photoelectric  measurement  of  light  attenuating 
power  of  turbid  liquid 

Chemical  processing.  Water  works. 
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^  Useful  for  the  measurement  or  control  of  illumination 
is  this  neatly  designed  General  Electric  lighting 
control  unit.  Note  the  two  metal  tubes,  painted  to 
harmonize  with  the  bracket  and  phototube  housing 

2  The  Stroboglow,  o  Westinghouse  rersion  of  the 
stroboscope,  which  permits  studies  of  the  motions  of 
rotating  or  reciprocating  objects.  An  electronic  (gas- 
filled)  lamp  in  the  housing  is  controlled  by  a  tube 
"valve"  circuit 

3  A  portable  laboratory  colorimeter,  a  product  of  the 
Luxtrol  Company.  The  glass  cell  (rear)  holds  liquids 
whose  color  is  onalyzed  in  terms  of  three  filters  ap¬ 
plied  to  the  lamp 

^  Cambridge  Instrument  Company's  Stethograph,  a 
recording  oscillograph  especially  designed  for  diag¬ 
nosing  diseases  of  the  heart.  It  contains  a  low- 
Irequency  amplifier  which  drives  a  galvanometer 
recording  element 

3  For  measuring  the  inteiuity  of  cosmic  rays,  this 
Geiger  counter  has  been  developed  by  the  Geo¬ 
physical  Instrument  Company.  A  gas-Iilled  tube, 
just  on  the  point  of  conduction,  passes  current  when 
the  impact  of  a  cosmic  ray  ionizes  the  gas  within 
the  tube 
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INDUSTRIAL  ELECTRONIC  DEVICES  AND  THEIR  FUNCTIONS  (Continusd) 


Velocity 

Speed  indicator 

Use  of  electronic  timer  actuated  by  controls  a  Athletic  contests.  Motor  and  horse  racing, 
known  distance  apart  General  mechanical  engineering  and  factory 

practice. 

Voltage 

Vacuum-tube 

voltmeter 

Use  of  tube  in  high  impedance  circuit.  Recti-  High  frequency  engineering.  General  labora- 
fication  of  high  frequency  voltage  by  diode  tory  practice. 

Wavefonn 

Oscilloscope 

Use  of  cathode-ray  tube  with  associated  ampli-  Noise  and  vibration  studies  General  elec- 
fiers  trical  laboratory  practice.  ! 

GROUP  2 

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll■llll>ll■ll■llllllllllillllllllllllllllllNIIIII 

PROCESS  CONTROL 

Devices  for  controlling,  automatically  or  semi-automatically,  some 
quantity  in  mechanical,  electric,  chemical,  etc.  processing  industries. 


PROCESS  OR 
QUANirry 
CONTROLLED 

NAME  OF 
DEVICE 

ELECTRONIC  PRINCIPLE 

PRINCIPAL  FIELDS  OF  USE 

General  (application  to 
any  measuring  device 
whose  indication  is  in 
the  form  of  current  or 
voltage,  including  all 
devices  listed  in 
Group  1) 

Controlling 
potentiometer 
Meter-and-photo- 
tube  relay 

Relays  actuated  by  phototube  and  amplifier; 
light  source  intemipted  by  meter  pointer  or 
automatic  potentiometer  mechanism 

Wherever  measuremenb  listed  in  Group  1 
must  be  used  for  automatic  control  of 
quantity  measured.  See  Fields  of  Use 
listed  in  Group  1 

Air  supply 

Electronic 

precipitator 

Rectification  at  high  voltage  to  attract  charged 
dust  particles 

Air-conditioning  in  public  places.  Control 
of  atmosphere  in  general  industrial  pro- 
ceuing. 

1  Balancing  and  weighing 

Phototube  weighing 
control 

Control  of  phototube  relay  by  motion  of 
weighing-machine  pointer 

General. 

*  Batching  and  packaging 

1  by  bulk 

Phototube  batching 
control 

Control  of  phototube  relay  as  batched  material 
intercepb  light  beam 

General. 

1  Casting  testing 

Acoustic  pitch 
tester 

Sound  analyzer  (Group  1)  sorb  casting  by 
pitch  emitted  when  sbuck  by  hammer 

Automotive  parb. 

Combustion-ignition 

1 

Ionization 

ignition  control 

Tube  measures  conductivity  between  housing 
and  flame  tip,  to  monitor  flame 

Oil  burners.  Gas  bumen. 

>  Conveyor  control 

Phototube  conveyor 
control 

Objeeb  on  conveyor  actuate  phototube  relay 
according  to  size,  color,  position,  etc. 

General  factory  practice. 

1  Counting 

1 

Pototube  counter 
Capacity-operated 
counter 

Actuation  of  relays  by  counted  object  (ca¬ 
pacity  relay  used  with  metal  objeeb  only) 

General  factory,  packaging,  and  shipping. 

I  Flaw  detection 

Magnetic  inspector 

Inductive  or  resonant  circuit  inspeeb  magnetic 
material  for  change  in  permeability 

Metal  processing  (iron  and  steel  only). 

Grading  by  color 

Phototube  color 
separator 

Combination  of  one  or  more  phototubes  and 
filters  actuating  sorting  relays 

General.  Egg,  fruit,  and  vegetable  packing. 

lllumirtation 

Illumination 

control 

One  or  more  phototube  relays  conbol  lamps 
as  illumination  changes 

Schools,  offices,  factories.  Photographic 
processing. 

Liquid  level 

Liquid-level 

control 

Phototube  relay  or  capacity-operated  relay 
actuated  by  opaque  or  conducting  liquid 

Chemical  processing.  Steam  engineering. 

Sewage  works. 

Metal  detection 

Metal  detector 

Resonant  circuit  inspeeb  material  for  sources 
of  eddy-current  loss 

Prisons.  Milk  processing.  Food  packaging. 

1  Motion  limib 

Phototube  or 
capacity  operated 
limit  relay 

Phototube  or  capacity  operated  relay  actuated 
by  object  exceeding  normal  limit  of  motion 

Automatic  machine  tools. 

|;  Perforation 

Pin-hole  detector 

Phototubes  inspect  sheet  for  perforations  ad¬ 
mitting  light 

Sheet  metal  manufacture. 
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2  This  device  automatically  inspects  the  covers  of  tin 
cans  for  improper  coating,  and  rejects  imperfect 
specimens.  Made  by  the  Electronic  Products  Com. 
pany 


I  An  acoustic  casting  tester,  designed  by  Electronic 
Control  Corp.  A  hammer  strikes  the  casting  (before 
microphone,  foreground),  causing  it  to  ring.  If  the 
ring  falls  within  specific  pitch  limits,  the  casting  is 
acceptable;  otherwise  it  is  rejected 
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3  The  capacity  operated  relay  is  second  only  to  the 
phototube  as  a  control  device.  This  unit  is  a 
product  of  the  United  Cinephone  Corporation 

4  The  Package  Machinery  Company  uses  a  phototube 
register  control  on  its  wrapping  machinery.  At  the 
left  is  the  thyratron  panel  which  controls  the  register 
drive 

5  A  complete  resistance  welding  control  panel  pro¬ 
duced  by  Westinghouse.  In  the  upper  section  are 
(he  thyratron  control  tubes;  below  the  water-cooled 
ignitron  conduction  tubes 

0  A  typical  example  of  continuous  process  control, 
the  automatic  weft-straightening  phototube  sccmner 
of  the  General  Electric  Co.  applied  to  a  cloth 
straightening  machine 


INDUSTRIAL  ELECTRONIC  DEVICES  AND  THEIR  FUNCTIONS  (con.i„„ed) 


Process  recording 

Recording 

potentiometer 

Phototube  relay  actuates  potentiometer  bal¬ 
ancing  element 

General  industrial  processing  of 
nature  requiring  automatic  record. 

critical 

Register 

Register  control 

Phototube  views  printing  or  register  marks; 
relay  corrects  deviations  by  actuating  guides 

Food  and  candy  packaging.  Automatic 

printing. 

Regulation  (electric) 

Electronic  voltage 
or  current  regulators 

Vacuum  or  gas-filled  tubes  used  to  regulate 
resistance  of  supply  circuit  in  terms  of  load. 
Control  of  generator  field  excitation 

General  electrical  practice. 

Resistance  heating 

Phototube  heat 
control 

Phototube  views  charge  and  controls  power 
in  terms  of  color  temperature 

Metal  fabrication. 

Skew  control 

Photoelectric 
skew  control 

Phototube  monitor  views  fabric  threads  rela¬ 
tive  to  stationary  guide 

Weaving. 

Smoke 

Phototube  smoke 
control 

Phototube  relay  actuated  by  presence  of 
smoke  between  it  and  light  source 

Combustion  engineering. 

Temperature 

Thermocouple  with 
meter-and-photo- 
tube  relay 
(see  also  Group  1) 

Low  impedance  thermocouple  connected  to 
control  relay  by  meter  pointer  actuating 
phototube  relay 

Metal  manufacture.  Chemical  processing. 
Ceramics,  plastics. 

Welding  (resistance 
type) 

Electronic  welding 
timers 

Ignitron  or  thyratron  tubes  control  duration  of 
current  through  weld 

Automobiles,  refrigerators,  etc. 
metal  fabrication. 

General 

GROUP  3 

iiiiiiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiniHiniiiiiiii| 

SAFEGUARDS  AND  ALARMS  , 

Devices  which  give  warning  of  improper  operation  in  fabrication  and  processing,  J 

or  which  indicate  when  a  measured  quantity  exceeds  set  limits.  Devices  for  pro¬ 
tection  against  industrial  hazards.  Devices  for  protection  of  goods  and  property. 


TYPE  OF 
PROTECTION 

NAME  OF 
DEVICE 

ELECTRONIC  PRINCIPLE 

PRINCIPAL  FIELDS  OF  USE 

General:  any  device  listed  Calibrated  relay 
in  Groups  1  or  II  may  be 
fitted  with  alarm  (lamp, 
bell,  horn,  etc.) 

Employs  trigger  circuit  to  close  or  open  relay 
when  set  limib  are  exceeded 

General  (see  Groups  1  and  II) 

Burglar 

Infra-red  Phototube 

Relay 

Capacity  Operated 

Relay 

Interception  of  invisible  beam  (infra-red)  or 
presence  of  body  capacity  actuates  relay 
controlling  alarm 

Stores,  homes,  factories.  Exhibitions. 

General  protection  purposes. 

Combustion 

Ionization-type 
flame  monitor 

Tube  measures  conductivity  of  ion  path  in 
flame.  Turns  off  fuel  if  flame  fails,  actuates 
alarm 

General  combustion  practice:  oil,  gas. 
powdered  coal,  etc. 

Door-opening 

Phototube  door  opener 
Capacity  door  opener 

Interception  of  light  or  body  capacity  actuates 
pneumatic  door  control 

Restauranb,  railroad  stations,  traffic  control 
in  crowded  public  places. 

Fire 

Phototube  smoke 
alarm 

Partial  interception  of  light  monitoring  ventila¬ 
tion  ducts,  etc.  to  detect  smoke  from  fire 

Ships,  warehouses,  etc. 

Flood 

Liquid  level  control 
and  automatic  signal 

Float  in  water  reservoir  controls  contactor 
which  signals  level  to  alarm  circuit 

Important  rivers  and  sbeams. 

Mercury-vapor 

Ultra-violet  photo¬ 
tube  absorption 
alarm 

Mercury  light  source  illuminates  phototube. 
Presence  of  vapor  absorbs  part  of  light 
actuating  relay  and  alarm 

Indusbies  employing  mercury  or  mercurous 
compounds. 

Punch-press 

Phototube  punch- 
press  control 

Worker  intercepb  "curtain"  of  light,  actuates 
relay  which  prevenb  closing  of  press 

General  heavy  machinery.  General  pro¬ 
tection  against  indusbial  hazards. 
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1  A  typical  punch-press  control,  installed  in  an  auto 
body  plant  by  Electronic  Control  Corp.  The  curtain 
of  light  (see  circles  of  light  on  fender)  prevents 
operation  of  the  press  when  intercepted 


2  Conveyor  control,  either  for  safety  purposes  or 
otherwise,  is  an  important  industrial  use  of  photo¬ 
tubes.  Above  is  a  Photobell  Corporation  unit 


3  A  metal  detector  used  in  penal  institutions  is  this 
"mattress  frisker"  developed  by  the  Illinois  Testing 
Laboratories.  It  operates  on  the  search-coil  principle 


4  The  light  receiving  unit  of  the  punch-press  control. 
The  lenses  focus  light  on  the  phototubes  which  op¬ 
erate  in  series.  If  any  part  of  the  beam  is  in- 
terupted,  no  photoelectric  current  flows 


3  The  basic  element  of  the  smoke  alarm  unit  offered 
by  Associated  Research.  Inc.  Useful  for  combustion 
control  or  fire  alarm  service 
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A  New 


Type  B  scale,  preferred  by  NBC  and  CBS  is 
intended  for  program  production  and  transmis¬ 
sion  applications.  Meter  case  is  AV4  in.  wide  and 
4  in.  high 


H.  A.  AFFEL 

Itfll  Tf'lffthuiie  Lalioratorit'x 


HOWARD  A.  CHINN 

VuluMhiu  Ifruadcustinfi  SiiHtim 


ROBERT  M.  MORRIS 

\<itwn<il  HriKidciiitt iiitj  l'>>. 


ON  DECEMBER  16,  1938,  an  an¬ 
nouncement  was  made  by  the 
Bell  Telephone  Laboratories,  the  Co¬ 
lumbia  Broadcasting  System  and  the 
National  Broadcasting  Company  that 
agreement  had  been  reached  upon  a 
new  standard  volume  indicator  in¬ 
strument  and  a  new  standard  refer¬ 
ence  level.  The  design  of  the  new 
volume  indicator  meter  was  fixed 
upon  after  much  consideration  and 
many  tests.  It  is  a  simple,  compara¬ 
tively  inexpensive,  copper-oxide  recti¬ 
fier  type  of  meter,  having  carefully 
determined  dynamic,  electrical  and 
other  characteristics  so  chosen  as  to 
make  the  instrument  readable  over 
long  periods  with  a  minimum  of  eye 
strain  or  fatigue.  It  is  designed  to 
have  a  response  to  the  rapidly  vary¬ 
ing  program  waves  which  is  a  satis¬ 
factory  compromise  between  the 
ideals  for  each  of  the  purposes  for 
which  a  volume  indicator  is  used. 

The  new  standard  reference  level 
was  announced  in  the  following 
words : 

Zero  or  reference  volume  level  shall 
be  defined  by  specifying  (a)  the 
characteristics  and  method  of  use 
of  the  volume  indicator  instru¬ 


ment,  and  (b)  a  steady  state  refer¬ 
ence  of  1  milliwatt.  The  imi)ed- 
ance  of  the  circuit  across  which 
the  instrument  is  calibrated  shall 
be  600  ohms.  The  characteristics 
of  the  instrument  as  well  as  the 
value  of  the  calibrating  power  are 
important  features  of  the  defini¬ 
tion. 

In  order  to  avoid  the  more  cumber¬ 
some  term  “db  above  zero  volume 
level”  and  confusion  with  .several 
existing  standards,  it  is  proposed 
to  designate  the  reading.s  of  the 
new  instrument  as  so  many  “vu”, 
numerically  equal  to  the  number  of 
db  above  the  reference  volume  level. 

At  the  present  time,  there  are  a 
wide  variety  of  volume  level  indica¬ 
tors*  in  use  throughout  the  commu¬ 
nications  industry.  The.se  differ  in 
such  characteristics  as:  Whether 


*  Volume  level  indicators  are  not  to  be 
confused  with  power-level  indioatofs  since 
the  former  are  intended  for  the  measure¬ 
ment  of  program  material  involving  speech, 
music,  etc.,  whereas  the  latter  should  be 
limited  to  the  measurement  of  stecdy-state 
“sine-wave”  power.  This  latter  measure¬ 
ment  is  not,  obviously.  Influenced  by  the 
ballistic  characteristics  of  the  instrument 
employed.  Since  sine-wave  power  is  con¬ 
sidered  a  form  of  program  material.  It  is 
evident  that  a  volume  level  Indicator  is 
also  capable  of  power-level  measurements 
but  not  vice  versa. 


“VI"  and 


the  instrument  is  r-m-s  or  peak  read¬ 
ing;  slow,  medium  or  high  speed; 
half  or  full-wave  rectifying;  critically 
or  lightly  damped;  or  whether  the 
reference  level  used  for  calibration  is 
1,  6,  10,  12i  or  50  milliwatts  in  500 
or  600  ohms.  These  conditions  have 
led  to  widespread  confusion  and  mis¬ 
understanding  in  the  communications 
industry,  particularly  when  an  at¬ 
tempt  is  made  to  correlate  the  mea.s- 
urements  and  results  of  one  grouj) 
with  those  of  another. 

To  avoid  this  confusion,  the  above 
organizations  have  proposed  for 
standardization  the  new  instrument 
and  the  new  standard  reference  level. 
It  is  hoped  that  the  new  instrument 
and  the  advantages  of  standardiza¬ 
tion  will  be  sufficiently  attractive  for 
general  acceptance.  During  the 
course  of  the  investigation  of  the 
new  volume  indicator  and  its  refer¬ 
ence  level,  a  number  of  informal 
meetings  were  held  for  the  purpo.se 
of  demonstrating  the  improved  in¬ 
strument  to  other  organizations.  One 
of  these  conferences  was  held  on 
June  2,  1938,  and  another  on  June  17, 
1938,  at  the  IRE  annual  convention 
in  New  York.  A  total  of  27  organiza¬ 
tions  concerned  with  the  broadca.sting 
industry  in  the  United  States  and 
Canada  were  represented  at  the  two 
meetings. 

At  these  conferences,  approval  of 
the  new  meter  was  expres.sed,  and  it 
was  agreed  that  the  originating 
group  should  determine  on  a  gener¬ 
ally  acceptable  reference  level  for 
volume  measurement.  The  Bell  Sys¬ 
tem  companies,  the  National  Broad¬ 
casting  Company,  and  the  Columbia 
Broadcasting  System  are  looking  for¬ 
ward  to  the  adoption  of  the  new  in- 


Schamatic  wiring  diagram  of  the 
new  volume  indicator  meter.  Meter 
impedance  ia  3900  ohms  and  must 
be  used  with  an  external  resistance 
of  3600  ohms  to  obtain  desired 
ballistic  characteristics.  The  impe¬ 
dance  of  the  complete  instrument  is 
7500  ohms 
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Type  A  scale,  preferred  by  the  Bell  System,  is 
intended  for  use  in  program  transmission.  The 
illustration  is  approximately  three-fourths  full  size. 
Scales  are  from  Weston  type  30  volume  indicator 


.struments  in  their  plants,  tofrether 
with  the  new  reference  volume  level 
on  May  1,  1939. 

The  scojte  of  the  pre.sent  article 
does  not  permit  a  detailed  account  of 
the  fundamental  considerations  and 
the  tests  which  led  to  the  desiKU  of 
the  new  volume  indicator.  It  is 
planned,  however,  to  publish  this  in¬ 
formation  at  a  later  date. 

1.  The  in.strument  employs  a  full- 
wave,  copper-oxide  rectifier  contained 
within  the  meter  ca.se. 

2.  The  ballistic  characteristic  is 
such  that  the  sudden  application  of  a 
sinjrle  frequency  voltage  of  such  value 
as  to  give  a  steady  state  reading  at 
0  vu  or  100  mark  will  cau.se  the 
pointer  to  overswing  by  1  to  l-h  per 
cent  (0.1  to  0.15  vu).  The  pointer 
speed  is  such  that  under  the  same 
conditions,  a  deflection  of  99  per  cent 
of  the  steady  .state  value  is  reached 
0.3  second  after  the  sudden  applica¬ 
tion  of  the  single  frequency  voltage. 
This  characteristic  is  in  agreement 
with  the  C.C.I.F'.  recommendations. 

3.  The  .scale  card  is  a  cream  yellow 
and  has  markings  in  black  and  red. 
Two  .scale  types  are  available  as  indi¬ 
cated  in  the  illustrations. 

4.  The  meter  .sensitivity  is  uniform 
to  within  0.2  db  of  the  1000  cps  value 
over  the  frequency  range  from  35  to 
10,000  cps  and  within  0.5  db  over  the 
range  from  25  to  16,000  cps. 

5.  The  in.strument  is  capable  of 
withstanding,  for  at  lea.st  0.5  .second 
without  injury  or  effect  on  calibra¬ 
tion,  voltage  peaks  of  ten  times  the 
value  equivalent  to  a  reading  of  100 
I)er  cent  or  zero  vu.  It  is  capable  of 
withstanding  a  continuous  overload 
of  five  times  the  100  per  cent  or  zero 
vu  voltage. 

As  now  available,  the  in.strument 
it. self  has  an  impedance  of  3900  ohms 
.ind  must  be  u.sed  in  .series  with  an 
external  resistance  of  3600  ohms  in 
order  to  have  the  required  balli.stic 
characteristics.  The  instrument  with 
the  series  resistance  has  a  .sensitivity 
■^uch  that  the  pointer  is  deflected  to 
the  0  vu  or  100  mark  on  either  pro- 
rram  material  or  single  frequency 
power  having  a  volume  level  of  4 
vu.  For  reading  high  levels,  a  vari¬ 
able  3900-ohm  attenuator  may  be  in¬ 


serted  between  the  meter  and  the  ex¬ 
ternal  resistance  to  decrea.se  the  me¬ 
ter  .sen.sitivity.  The  meter  mu.st  not 
l)e  placed  in  close  proximity  to  mag¬ 
netic  materials  and  must  therefore 
not  be  mounted  on  magnetic  panels. 

The  adoption  of  1  milliwatt  as  the 
calibration  of  the  new  reference  vol¬ 
ume  was  decided  upon  because  (a)  it 
is  a  simple  decimal  number  of  con¬ 
venient  magnitude,  ( b)  it  is  related 
to  1  watt  by  the  “preferred”  factor 
of  10  ’,  (c)  it  corresponds  to  the  value 
of  te.sting  power  u.sed  for  transmis¬ 
sion  measurements  on  program  cir¬ 
cuits,  and  (d)  it  was  found  to  be  the 
one  value  to  which  general  agreement 
is  possible.  A  survey  indicated  that 
adoption  of  a  600-ohm  standard  im¬ 
pedance  would  meet  with  the  mo.st 
leady  acceptance  throughout  the  com¬ 
munications  field.  It  al.so  appeared 
to  be  mo.st  favorable  for  international 
adoption. 

The  adoption  of  the  new  termin¬ 
ology  for  expre.ssing  volume  readings 
made  with  the  new  instrument  is  con¬ 
sidered  an  important  part  of  the 
.standardization.  It  should  be  borne 
in  mind  that  volume  expres.sed  in 
“vu”  implies  a  measurement  of  ab¬ 
solute  volume  level.  It  indicates  that 
the  measurement  was  made  with  the 
new  standard  instrument.  Most  pre¬ 


vious  types  of  volume  indicators, 
even  though  recalibrated  to  a  1  milli¬ 
watt  basis,  will  not  give  indications 
on  program  material  corresponding 
to  tho.se  of  the  new  instrument. 

There  has  in  the  past  been  consid¬ 
erable  controversy  over  whether  a 
volume  indicator  should  be  of  the 
r-m-s  or  peak  reading  type.  As  a 
result  of  the  tests  which  were  made, 
it  was  found  that  there  was  only  a 
minor  difference  between  the  peak 
type  and  the  r-m-s  instrument  of  the 
design  finally  determined  upon.  The 
significance  of  this  difference  disap¬ 
pears  w’hen  volume  limiting  amplifi¬ 
ers  are  employed.  On  the  other  hand, 
the  change  in  wave  shape  which  oc¬ 
curs  in  transmission  over  lines  of  any 
length,  even  after  pha.se  correction 
has  been  applied,  may  make  it  impos¬ 
sible  to  check  readings  with  peak 
reading  types  of  instruments,  where¬ 
as  the  r-m-s  instrument  is  not  af¬ 
fected.  These  facts,  together  with 
other  considerations,  led  to  the  adop¬ 
tion  of  the  r-m-s  type  of  instrument. 

It  is  to  be  hoped  that  the  new  vol¬ 
ume  level  indicator  with  the  new 
standards  of  calibration  and  termin¬ 
ology  will  be  adopted  generally  by 
the  communications  industry  in  this 
country,  and  that  they  may  receive 
international  recognition. 
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An  Ultra-High-Frequency  PowerA 


By  ANDREW  V.  HAEFF 

Ui'itcarch  and  Engineerini]  Depart  men  t  ' 
ItCA  Mfg.  Co., 

Harrison,  J. 

For  many  high-frequency  applica¬ 
tions  a  non-regenerative  power 
amplifier  is  of  primary  importance.  It 
is  the  purpose  of  this  paper  to  de¬ 
scribe  an  amplifier  of  a  novel  type 
with  which  successful  operation  is  ob¬ 
tained  at  frequencies  much  higher 
than  those  which  can  be  handled  by 
conventional  devices  of  comparable 
power  capabilities. 

Some  of  the  principal  difficulties 
encountered  in  the  operation  of  am¬ 
plifiers  at  very  high  frequencies  can 
be  ascribed  to  the  following  cau.ses. 

1.  The  finite  electron  transit  time 
resulting  in  excessive  input  loading 
and  a  loss  in  transconductance. 

2.  Abnormally  high  coupling  be¬ 
tween  the  output  electrode  and  input 
electrode  causing  either  regeneration 
or  excessive  loading  of  the  output 
circuit  by  the  reflected  input  losses 
with  a  consequent  loss  of  power  and 
efficiency. 

3.  High  circulating  currents  and 
increased  resistance  at  high  fre¬ 
quencies  lowering  circuit  efficiency. 

In  the  new  amplifier  the  electron- 
transit-time  effects  are  minimized  by 
utilizing  electrons  of  high  velocity. 
This  is  accomplished  without  in¬ 
creased  dissipation  and  loss  in  ef¬ 
ficiency  by  separating  the  functions 
of  the  output  electrode  and  of  the  cur¬ 
rent-collecting  electrode  and  by  mak¬ 
ing  use  of  electron  focusing.  The 
output-input  coupling  is  reduced  to  a 
negligible  value  by  screening  and 
separation  of  the  respective  elec¬ 
trodes  and  circuits.  The  high-fre¬ 
quency  losses  due  to  circulating  cur¬ 
rents  are  minimized  by  using  cur¬ 
rent-carrying  electrodes  of  large 
periphery. 

The  principle  used  in  exciting  the 
output  tank  circuit  of  the  new  ampli¬ 
fier  differs  from  that  of  conventional 
tubes.  Figure  1  represents  a  quarter- 
wave  concentric  tank  circuit  with  a 
hollow  inner  conductor.  Let  us  sup¬ 
pose  that  a  negatively  charged  body 
is  passed  through  the  inner  conductor 
from  left  to  right.  In  Fig.  la  we  see 


Fig.  1 — Diagram  showing  changes 
in  distribution  of  image  charge  as 
a  charged  particle  moves  inside  the 
quarter-wave  tank  circuit 


Fig.  2 — Distribution  of  fields  inside 
resonating  space  of  tank  circuits; 
fields  do  not  penetrate  inside  the 
inner  conductor,  a,  or  the  aperture 
extension,  b 

the  conditions  of  charge  distribution 
on  the  circuit  as  the  body  is  intro¬ 
duced  into  the  inner  conductor.  There 
is  a  positive  charge,  equal  to  the  neg¬ 
ative  charge,  induced  on  the  inside 
of  the  inner  conductor  near  the  body. 
However,  no  charge  appears  on  the 
outer  surface  of  the  inner  conductor. 
The  induced  charge  moves  with  the 
charged  body  along  the  inner  surface 
until  the  end  of  the  inner  conductor 


is  reached.  During  the  pa.s.sage  of  the 
charged  body  acro.ss  the  gap  a-b  the 
charge  is  partially  imaged  on  the  end 
of  the  inner  conductor  and  partially 
on  the  outer  conductor  as  shown  in 
Fig,  lb.  The  passage  of  the  charged 
body  beyond  the  gap  a-b  into  the 
aperture  in  the  outer  conductor 
causes  all  of  the  induced  charge  to 
api)ear  on  the  inner  surface  of  the 
extension  of  the  aperture  (Fig.  Ic). 
The  induced  charge,  in  transferring 
from  the  end  of  the  inner  conductor 
to  the  aperture  extension,  flows  back 
over  the  outer  surface  of  the  inner 
conductor,  thus  constituting  a  cur¬ 
rent  flow  in  the  tank  circuit. 

Figure  2  illustrates  the  configura¬ 
tion  of  the  electric  and  magnetic 
fields  within  the  re.sonating  space  of 
the  tank  circuit  when  the  latter  is 
e.xcited.  The  solid  lines  represent  the 
electric  field  distribution  and  the 
circles  represent  the  magnetic  lines 
of  force.  The  dashed  lines  repre.sent 
the  equipotential  surfaces  in  the  gap. 
Along  the  major  part  of  the  length 
of  the  tank  the  direction  of  the  elec¬ 
tric  field  is  substantially  radial.  How¬ 
ever,  at  the  gap  a-b  the  electric  field 
has  an  axial  component.  The  field 
does  not  penetrate  very  far  inside 
the  open  end  of  the  inner  conductor 
or  inside  the  aperture  in  the  outer 
conductor  but  is  confined  effectively 
to  the  space  defined  approximately  by 
the  limiting  equipotential  lines  shown 
in  the  figure.  The  space  inside  the 
inner  conductor  and  inside  the  e.\- 
tension  of  the  aperture  is  essentially 
field  free.  Therefore,  no  work  will  be 
done  on  a  charge  moving  in.side  the 
inner  conductor  by  the  ele<tric  field 
until  the  charge  reaches  the  gap  c-b. 
If  the  charge  traverses  the  gap  at  the 
instant  when  the  electric  force  is  in 
the  direction  from  b  to  a,  the  charge 
will  be  decelerated,  its  energy  being 
given  up  to  the  tank  circuit,  A  charge 
crossing  the  gap  during  the  opposite 
half  cycle  when  the  field  is  reversed 
will  be  accelerated,  absorbing  energy 
from  the  circuit.  If  the  number  of 
charges  traversing  the  gap  during 
the  first  half  cycle  is  greater  than 
during  the  second,  the  net  effect  will 
be  that  energy  is  supplied  to  the 
tank  circuit. 
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lAmplifier  of  Novel  Design 
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Fig.  3 — A  schematic  diagram  illus¬ 
trating  the  arrangement  of  elec¬ 
trodes  for  exciting  the  tank  circuit 
by  modulated  electron  stream 


space  of  the  tank  circuit  penetrate 
but  a  short  distance  inside  the  screen¬ 
ing  electrode  />,  so  that  the  electrons 
will  be  influenced  by  these  fields  only 
duriny  their  passaye  across  the  yap. 

Fiyure  3  shows  schematically  how 
a  tube  may  be  combined  with  the  tank 
circuit  to  operate  on  this  principle. 
A  conventional  yrid-cathode  struc¬ 
ture  may  be  used  to  obtain  pul.ses  of 
electrons.  A  collector  electrode  may 
be  placed  beyond  the  screeniny  elec¬ 
trode.  If  a  hiyh  potential  is  applied 
between  the  cathode  and  the  elec¬ 
trodes  a.  h,  and  al.so  between  the  col¬ 
lector  and  the  cathode,  a  stream  of 
electrons  from  the  cathode  will  flow 
towards  the  collector.  If  a  hiyh-fre- 
quency  voltaye  is  applied  between  the 
control  yrid  and  the  cathode,  the 
electron  stream  will  be  periodically 
modulated  in  intensity,  Pul.ses  of 


be  such  as  to  decelerate  electrons 
traversiny  the  yap  duriny  the  half 
period  of  maximum  intensity  of  elec¬ 
tron  current  in  the  stream. 

The  energy  lost  by  the  electrons  is 
transformed  by  the  tank  circuit  into 
the  energy  of  the  electromagnetic 
field  within  the  space  between  the 
inner  and  outer  conductors.  This 
energy  is  then  transferred  to  the 
useful  load  by  means  of  a  coupling 
loop,  as  shown  in  Fig.  3. 

The  high-frequency  electromag¬ 
netic  field  existing  in  the  resonant 
space  of  the  tank  circuit  penetrates 
only  a  short  distance  inside  the  cylin¬ 
der  a  and  in.side  the  screening  elec¬ 
trode  h.  Therefore,  by  positioning 
the  control  electrode  and  the  collector 
at  suitable  distances  from  the  gap 
a-h,  the  coupling  between  the  output 
circuit  and  the  respective  electrodes 


Fig.  5 — Photograph  of  new  type  of 
tube  in  derelopmental  stage 


Fig.  4 — Complete  schematic  wiring  diagram  of  the  amplifier  and  new 
tube  with  all  essential  parts  indicated 


We  conclude,  then,  that  the  tank 
circuit  may  be  excited  by  passing 
groups  of  electrons  at  the  proper  fre¬ 
quency  acro.ss  the  gap  between  the 
inner  conductor  and  the  outer  con¬ 
ductor.  The  motion  of  electrons 
through  the  Interior  of  the  inner  con¬ 
ductor  has  no  effect  on  the  current  in 
the  tank  circuit.  Also,  high-frequency 
electromagnetic  fields  which  will  be 
generated  within  the  resonating 


electrons  traversiny  the  gap  a-h  will 
induce  high-frequency  currents  be¬ 
tween  electrodes  a  and  b.  If  the  ex¬ 
citation  frequency  is  adjusted  to  the 
resonant  frequency  of  the  tank  cir¬ 
cuit,  a  high  impedance  will  exist 
across  the  gap  a-b  at  this  frequency. 
Consequently,  the  induced  currents 
will  produce  a  high  radio-frequency 
voltage  across  the  gap.  The  phase  of 
this  voltage  at  or  near  resonance  will 


can  be  reduced  to  a  negligible  value. 

To  minimize  the  transit-time  ef¬ 
fects  the  electrodes  a  and  b  can  be 
operated  at  suitably  high  potentials 
with  respect  to  the  cathode.  The  ad¬ 
justment  of  these  potentials  is  not 
at  all  critical  because  the  functioning 
of  the  tube  does  not  depend  critically 
upon  the  electron  transit  time.  The 
current-collecting  electrode  can  be 
operated  at  a  much  lower  potential 
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high-frequency  electromagnetic  field 
from  the  resonant  space  of  the  tank 
does  not  reach  them.  Thus,  these 
electrodes  are  not  a  part  of  the  out¬ 
put  circuit  and  do  not  carry  circu¬ 
lating  currents. 

Figure  6  shows  this  tube  mounted 
in  the  circuit.  In  this  arrangement 
a  small  magnetron  was  u.-ed  as  a 
driving  oscillator.  The  photograph 
shows  the  magnetron  with  its  tuning 
mechanism,  the  parallel-wire  input 
line,  and  a  push-pull  voltmeter  which 
was  used  for  measui'ements  of  driv¬ 
ing  power.  The  load  consisted  of 
eight  incandescent  lamps,  fed  in 
l)arallel  from  the  coupling  loop  and 
mounted  in  a  shielded  compartment 
to  prevent  radiation  losses  and 
coupling  to  the  input  line.  Fine  ad¬ 
justment  of  load  was  obtained  by 
moving  the  load  coupling  loop  with 
a  micrometer  .screw.  Behind  the 
focusing  solenoids  the  collector  end 
of  the  tube  can  be  seen.  Figure  7 
shows  the  tube  in  operation  with  the 
load  lamps  brilliantly  lighted  and 
visible  through  the  observation  open¬ 
ings. 

As  an  e.xample  of  performance  of 
the  new  amplifier,  the  following  data 
for  the  developmental  tube  shown  in 
Fig.  5  may  be  of  interest. 


Fig.  6 — The  completed  amplifier  showing,  from  left  to  right,  the  driving 
magnetron,  the  input  circuit,  the  housing  for  the  load  lamps,  and 
focussing  coils  and  the  collector  end  of  the  tube 


Operating  frequency. . .  .4.50  megacycles 

Power  output . 110  watts 

Total  driving  power  (approx.)  .  10  watts 

Efficiency  (approx.) . 35' j 

.decelerating  voltage . 0000  volts 

Collector  voltage . 2000  volts 

Collector  current . 150  millianiperes 

Current  to  accelerating  electrodes — 

less  than  0.1  milliampere 


7 — The  u-h-f  amplifier  in  operation,  and  brilliantly  lighting  the 
incandescent  lamp  load  circuit,  contained  in  the  lamp  housing  adjacent 
to  the  focussing  coil 

and  is  usually  operated  at  a  potential  outer  cylinder,  a  hollow  ini 
just  sufficient  to  collect  all  decelerated  ductor,  and  a  screening  eleci 
electrons  in  order  to  obtain  high  ef-  separate  from  the  tube.  A 
ficiency.  By  the  use  of  electrostatic  placed  around  the  tank  circi 
or  magnetic  focusing  the  electron  duces  a  focusing  magnetic 
stream  can  be  prevented  from  im-  the  axial  direction.  The  i 
pinging  on  the  high-potential  elec-  electrode,  /,  when  operate 
trodes  a  and  h.  Therefore,  these  elec-  suitable  potential  serves 
trodes  do  not  dissipate  energy.  It  centrate  the  electron  streair 
follows  that  all  of  the  power  devel-  start  and  makes  it  possible  ' 
oped  by  the  tube  is  taken  from  the  considerably  weaker  magneti 
low-voltage  supply  used  for  the  col-  ing  field  without  absorption 
lector.  rent  by  the  accelerating  eh 

Figure  4  shows  schematically  one  The  reason  for  using  acce 
complete  arrangement.  A  focusing  electrodes  inside  the  glass  ( 
electrode  f  and  accelerating  electrodes  is  to  avoid  the  undesirable  e 
A  and  B  are  mounted  inside  the  glass  charges  on  the  glass  walls 
envelope  in  addition  to  the  cathode,  bombardment  by  stray  e! 
the  control  grid,  and  the  collector  of  These  electrodes  are  positioi 
the  previous  arrangement.  The  out-  suitable  distance  from  the 
put  tank  circuit,  consisting  of  the  of  the  output  tank  circuit  so 


We  may  summarize  the  advantages 
of  the  new  amplifier  a.s  follow.- : 

1.  Reduction  of  electron-transit¬ 
time  effects  by  utilization  of  electrons 
of  high  velocity. 

2.  High  efficiency  due  to  collection 
of  electrons  at  low  velocity. 

3.  High  power  output  because  the 
collector  may  be  made  of  adequate 
size  without  influencing  the  per¬ 
formance  of  output  circuit. 

4.  Non  -  regenerative  amplification 
through  reduction  of  output-input 
coupling  to  a  negligible  value. 

5.  Low  circuit  lovsses  becau.se  cir¬ 
culating  currents  flow  in  electrodes 
of  large  periphery. 

The  author  wishes  to  acknowledge 
the  valuable  help  of  Dr.  L.  S.  Ner- 
gaard  in  making  mea.surements  in 
connection  with  this  work. 
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Design  for  Exponential  Horns 
of  Square  Cross  Section 


THK  of  an  exponential  horn 

are  commonly  cut  from  sheet 
metal,  the  layout  being  effected  with 
the  aid  of  a  cardboard  template.  The 
projected  view  of  one  side,  bent  into 
shape  for  assembly,  is  shown  in  Fig. 
1.  If  the  elevation  view  were  flat¬ 
tened  out  to  lie  in  a  plane,  its 
appearance  would  be  identical  to 
that  of  the  template. 

For  any  di.«tance  x  on  the  horn  axis 
there  is  a  corresponding  length  of 
template.  L,  and  a  corresponding 
template  width,  2y.  Hence,  if  we  de¬ 
rive  the  expressions  ij=fi(x)  and 
we  can  determine  the  tem¬ 
plate  width  and  length  in  terms  of 
the  X  dimension. 

The  cross  .sectional  area  of  an  ex- 
IM)nential  horn,  at  any  point  on  the 
axis,  Aj,  is  given  by 

.4,  =  A.iH’  ( 1 ) 

in  which  .4„  is  the  area  at  the  throat 
of  the  horn,  B  is  the  flare  constant, 
and  X  is  the  distance  from  the  throat 
of  the  horn.  If  the  horn  is  of  square 
cross  section,  then 
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Ax  =  <  2j/)'  (2) 

and  to  obtain  the  relation  between  x 
and  y  we  .substitute  Eq.  i2)  into  Ecp 
(1).  obtaining 

Rx 

.'/  =  A  =  /.  (.V)  (:t) 

in  which  k  =  AJ/2,  and  b  =  B  2. 

It  now  remains  to  determine 
and  this  may  be  done  by  methods  of 
the  calculus.  The  general  expre.ssion 
for  the  incremental  length  of  the 
curve  is 

dL  =  [(dxy-\-  (dyVy  (4) 

From  Eq.  (3)  we  find  that  dy  = 
hk^dx,  and  consequently  the  length 
of  the  horn  template  is  given  by 

L  =  dx.  (5) 


Fig.  1 — Side  Tiew  and  elevation  of 
one  tide  of  exponential  horn  of 
square  cross  section 


By  making  the  proper  substitutions 
and  simplifications,  it  can  be  shown 
that  the  solution  of  Eq.  (5)  is 


Fig.  2 — Template  for  exponential 
horn  of  square  cross  section,  laid 
out  in  accordance  with  the  equa¬ 
tions  derived  in  this  article 


L  = 

J  I  r  -f  1.1513  ioK,o  { ( r  -  l)/(  +  1)  }  ] 

- ^  I  I  (m  —  !)/(«  +1)  >  j 

=U(X)  (6) 

in  which  V  =  ( 1  -f-  b'fc's'"')!,  and  u  — 
(1  -f  h’k^y. 

Thus,  Eq.  (3)  and  Eq.  (6)  give  the 
width  and  length  relations,  respect¬ 
ively,  corresponding  to  any  abscissa, 
X,  on  the  horn  axis  for  an  exponen¬ 
tial  horn  of  square  cro.ss  .section.  The 
use  of  the.se  equations  in  the  making 
of  suitable  templates,  can  best  be 
illu.strated  by  means  of  an  example. 

For  a  particular  type  of  horn,  the 
design  constants  were,  k=7.5,  b  — 
0.0274,  and  the  maximum  axial  length 
was  x„,„r=44  in.  Sub.stituting  these 
values  in  Eq.  (3)  gives 

y  =  7.5s’ 

where  s  =  2.718.  .  .  The  solution  of 
this  equation,  which  gives  the  semi¬ 
width  of  the  mouth  of  the  horn,  is 
y  =  antilog,„  [log,.,  (7.5)  -f-  (0.0274) 
(44)log„2.718J  =  antilog, «  1.39866  = 
25.0  in. 

Con.sequently,  the  width  of  the  horn 
at  the  mouth  is  2y  or  50.0  in. 

The  overall  length  of  the  template, 
corresponding  to  x,„nT,  is  Lmax  and  is 
given  by  Eq.  (6).  Using  the  constants 
specified,  we  find  that  U=\/l. 47039= 
1.2126,  and  u  =  VT.0422  =  1.0208. 
Therefore. 

1  I  0  21‘’6  1 

1  0  02081 
0  0-274  I  ^  ^  2  0-208 J 

=  1.569+46.255=47.8". 

In  a  similar  manner  progressive 
values  of  x  between  0  and  44  in.  are 
chosen,  and  the  corresponding  values 
of  y  and  L  are  computed  from  Eq. 
(3)  and  Eq.  (6),  With  a  series  of 
such  values  available,  the  template, 
Fig.  2,  may  be  laid  out. 
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Noise  and  Noise  Measurement 

A  bibliography  on  the  physiological  eiiects  oi  noise,  the  application 
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NEW 

'File  Rudio  Aiiiuteiir^H 
Handbook 

BY  HEADQUARTERS  STAFF  OF 
THE  AMERICAN  RADIO  RELAY 
LEAGUE,  Hartford,  Conn.  imf/cft 
plus  90  }utge  catalog  section.  Illustrated. 
Kith  ed.,  1938.  Pnee,  $1.00). 

From  a  modest  becinn'ing  in  November 
15)20  when  5,000  copies  were  hesitat- 
injrly  printed  to  .sales  of  more  than  half 
a  million  copies  is  the  record  of  “The 
Radio  Amateur’s  Handbook”.  The  book 
is  an  elementary  text  on  hifrh  frequency 
radio  communication  theory,  deals  with 
the  construction  and  testinjr  of  radio 
equipment,  outlines  amateur  ra<lio  as  a 
hobby,  and  contains  information  en- 
ablinjr  the  prospective  amateur  to  ^<“1 
started  on  his  way  to  obtaining  his 
licenses  and  operating  his  own  station. 
Schools  and  technical  classes  have 
adopted  the  “Handbook”  as  a  text;  but 
mo.st  important  of  all  it  has  become  the 
ri^ht  hand  pruide  of  practical  amateurs 
in  every  country  of  the  kIoIk*. 

Amonjr  radio  people  the  “Handlwok” 
is  so  well  known  that  a  detailed  review 
is  certainly  unnecessary.  Let  it  suftice 
to  say  that  the  Ittth  editi»)n,  while  simi¬ 
lar  to  its  immediate  predwssors,  has 
been  brought  up  to  date  as  regards  cur¬ 
rent  practice,  is  as  compact,  conci.se  and 
preci.se  as  is  jiossible  to  make  such  a 
l>ook,  and  a  lx*tter  value  than  ever  be¬ 
fore. — B.  D. 

Police  Coiniiiiiiiioatioii 

By  V.  A.  Lb'ONARD.  Unii’crsitg  of 
Califortiia  Press.  1938.  589  pages,  JO 
illiistratious.  Price,  $5.00. 

Although  current  interest  in  police 
communication  systems  centers  around 
radio  methods,  much  more  than  this 
limited  scope  is  dealt  with  in  this  new 
volume.  From  the  time,  about  a  cen¬ 
tury  ago,  when  the  man  on  the  beat 
was  completely  out  of  touch  with  head¬ 
quarters  as  .soon  as  he  left  the  office, 
up  to  the  present  time,  when  headquar¬ 
ters  keeps  in  constant  two  way  com¬ 
munication  with  its  men,  the  history 
of  police  communication  systems  is 
thoroughly  treated.  Emphasis  is  placed 
on  the  communication  system  as  an 
integrated  and  functioning  unit,  and 
its  significance  as  regards  safety, 
emergencies,  and  apprehension  of  crim¬ 
inals,  rather  than  on  the  technical  de¬ 
tails  of  equipment  design  and  opera¬ 
tion.  From  this  point  of  view  the 
book  appears  to  be  intended  more  for 
the  police  executive  who  has  to  build 
up  and  maintain  an  effective  communi¬ 
cation  system.  But  the  text  will  al.so 
be  interesting  to  the  engineer  who  re¬ 
quires  an  understanding  of  the  com¬ 


BOOKS 


plete  operations  of  systems  for  which 
he  is  technically  responsible. 

Space  is  devoted  to  burglar  and  hold¬ 
up  alarms,  teletype  networks,  telephone 
systems,  radio  .systems,  and  communi¬ 
cation  under  disaster  and  emergency 
conditions.  A  chapter  is  devoted  to  a 
di.scussion  of  foreign  systems  now  in 
use.  Several  appendices  and  an  exten¬ 
sive  bibliography  are  included.  The 
book  is  interestingly  and  well  written. 

— B.D. 

Tlir  Radio  Maiiiiul 

By  George  E.  Sterling,  h’ugiueeriug 
Departuieut,  Federal  Coniuuniicatious 
Counuissiou.  Third  editiou,  1938.  1100 
pages.  Price  $fl.00.  />.  ]’au  Snsfraud 
&•  (’(>.,  S'eu'  York. 

This  book  first  published  in  15)2H,  has 
gone  through  numerous  printings,  and 
two  previous  editions.  Gathering  pages 
as  it  has  gone  along,  it  is  now  in  the 
thousand-page  class,  containing  mate¬ 
rial  for  ojierators,  engineers,  inspec¬ 
tors,  data  on  radio  aids  to  navigation, 
as  well  as  fundamental  theory,  such  as 
the  section  of  electron  tubes  written 
by  Rol)t*rt  S.  Kruse. 

Much  of  the  material  is  descriptive, 
taken  from  manufacturer’s  literature. 
In  this  group  may  be  found  a  great 
(juantity  of  data  on  standard  appara¬ 
tus  with  code  numbers  given  so  that 
the  student  knows  at  all  times  exactly 
what  he  is  reading  about.  Some  50 
pages  are  devoted  to  marine  auto¬ 
alarms;  90  pages  to  radio  aids  to  air 
navigation,  etc.  Other  chapters  are 
devoted  to  broadcast  transmitters,  po¬ 
lice  radio  equipment,  measurement  of 
antenna  characteristics  and  field 
strengths,  etc.  A  considerable  space 
is  devoted  to  F'CC  rules  and  regulations, 
extracts  from  the  Communications  Act 


NEW  B.B.C.  CHIEF 


Sir  lohn  Ogilvie.  right,  new  chief 
of  the  British  Broadcasting  Corpora¬ 
tion,  inspects  a  video  camera 
mounted  on  a  truck,  at  the  recent 
London  Radio  Show 


of  1934,  the  recent  Cairo  Convention. 

The  book  is  an  excellent  manual  of 
radio  apparatus  and  its  maintenance. 

How  to  Pass 

Rutlio  License  Examinations 

By  Charles  E.  Drew.  RCA  Institutes, 
New  York  City.  .John  Wiley  &  Sons, 
Inc.  New  York,  1938.  200  pages. 

Price,  $2.00. 

This  is  the  “how  to  pass  book”  that 
has  aided  many,  many  operators  to  get 
their  tickets.  There  was  once  a  time 
when  all  one  had  to  do  to  pass  the 
exams  was  to  memorize  this  useful 
book,  with  the  certainty  that  all  of 
the  questions  on  the  examination  would 
appear  in  this  book,  but  that  all  of 
the  questions  answered  in  the  book 
could  not  appear  in  any  one  exam. 

That  day  has  changed.  The  tough¬ 
est  job  in  the  old  days  was  to  mem¬ 
orize  the  circuit  diagram  of  a  com¬ 
plete  transmitter  and  receiver,  and 
to  be  able  to  explain  how  all  the 
parts  worked.  But  it  is  more  diffi¬ 
cult  now.  There  are  more  questions; 
and  there  are  more  subjects.  The  art 
has  advanced.  One  must  have  a  better 
knowledge;  mere  memory  will  not 
suffice. 

The  present  edition  of  the  how-to- 
pa.ss  book  contains  chapters  for  those 
desiring  to  take  the  radiotelegraph 
examination,  and  those  aiming  at  a 
license  to  operate  radio  telephone  sta¬ 
tions,  and  much  information  of  in¬ 
terest  and  value  to  radio  operators 
generally.  The  new  edition  will  un¬ 
doubtedly  be  as  valuable  to  radio  men 
as  the  several  previous  editions. — K.H. 


Electrolytic  Capacitors 

By  PAUL  McK.  DEELEY.  Cornell- 
Dubilier  Electric  Corp.,  publishers. 
1938.  276  pages;  illustrated.  Price, 

$3.00. 

In  offering  THE  FIRST  treatment  in 
English  on  this  subject,  the  author  is 
able  to  draw  on  a  large  amount  of  per¬ 
sonal  experience  in  the  design,  manu¬ 
facture,  and  use  of  electrolytic  con¬ 
densers  since  he  holds  the  position  of 
Chief  Engineer,  Electrolytic  Division, 
of  Cornell-Dubilier.  The  book  deals 
with  such  subjects  as  wet  and  dry  elec¬ 
trolytic  condensers,  their  fabrication, 
anode  film  formation,  aging,  character¬ 
istics,  testing,  and  use. 

The  book  is  easy  to  read  with  little 
mathematics,  and  this  is  simple  algebra 
such  as  required  in  the  elementary 
theory  of  alternating  currents.  Much 
practical  data  is  given  which  is  likely 
to  appeal  to  those  engaged  in  the  man¬ 
ufacture  of  these  components.  The 
chapters  dealing  with  the  use  and  ap¬ 
plication  should  enable  the  engineer, 
amateur,  and  service  man  to  acquire  a 
more  thorough  understanding  of  the 
characteristics,  limitations,  and  advant¬ 
ages  of  these  condensers,  and  conse¬ 
quently,  to  make  better  use  of  them  in 
his  circuits. — b.  d. 
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TUBES  AT  WORK 


Frequency  modulation  advances,  two 
new  X-ray  developments,  and  a  snow -static 
suppressor  for  aircraft,  are  among  this 
month’s  crop  of  tube  applications 


Recent  Advances  in  Frequency 
IVIodiilation  Transmitter 
Installations 

The  Department  of  Public  Informa¬ 
tion  of  Columbia  University  has  re¬ 
cently  released  information  on  the  40- 
kw  frequency  modulation  station  now 
being  erected  at  Alpine,  N.  J.,  by  Prof. 
Edwin  H.  Armstrong  of  that  University. 
This  station,  for  which  a  construction 
permit  under  the  call  letters  W2XMN 
has  been  issued  by  the  FCC,  has  a  400-ft 
tower  at  the  top  of  the  600-ft  Palisades, 
which  gives  it  a  commanding  position 
overlooking  the  entire  metropolitan  New 
York  area.  The  tower  itself  has  three 
150-ft  crossarms.  The  aerials  for  the 
station  are  supported  on  vertical  booms 
between  the  ends  of  the  crossarms.  The 
type  of  radiator  used  concentrates  the 
energy  to  angles  near  the  horizon,  and 
allows  but  a  minimum  of  energy  to  be 
lost  in  the  sky.  The  station  operates 
on  a  frequency  in  the  neighborhood 
of  40  Me. 

The  equipment  for  the  transmitter 
itself  has  been  constructed  partially  by 
the  Radio  Engineering  Laboratory, 
Long  Island  City,  and  the  remainder  by 
the  RCA  Manufacturing  Company,  at 
Camden,  N.  J.  Arrangements  have  been 
made  with  station  WQXR  (the  high 
fidelity  transmitter  operated  by  J.  V. 
Hogan  in  New  York  City)  for  pro¬ 
grams.  All  studio  and  recorded  pro¬ 
grams  of  WQXR  are  available  for 
W2XMN  on  an  experimental  basis. 

Several  other  stations  are  in  con¬ 
struction  at  the  present  time.  Two 
stations  are  already  in  operation,  the 
one  owned  by  the  General  Electric 
Company,  at  Albany,  N.  Y.,  and  the 
other  by  the  Connecticut  State  Col¬ 
lege  of  Storrs,  Conn.  Six  other  stations 
are  reported  to  be  in  construction  in 
the  East.  One  is  that  atop  Mount 
Washington,  in  New  Hampshire,  and 
another  on  Mount  Asnebumskit  near 
Worcester,  Mass.  According  to  the 
Columbia  release,  receivers  have  been 
developed  and  produced  by  the  General 
Electric  Company  at  Bridgeport,  Conn., 
which  resemble  the  ordinary  broadcast 
receiver  in  many  respects,  and  which 
can  be  shifted  from  amplitude  modula¬ 
tion  to  frequency  modulation  reception 
by  the  flip  of  a  switch.  It  is  claimed 
that  these  sets,  when  produced  on  a 
quantity  basis,  will  cost  no  more  than 
an  ordinary  good  radio  set  of  the  con¬ 


ventional  type.  Reception  at  Bridge¬ 
port  from  The  Alpine  transmitter  was 
recently  successfully  demonstrated  to 
a  group  of  leading  engineers. 

The  station  at  Alpine,  N.  J.,  repre¬ 
sents  an  investment  of  several  hun¬ 
dred  thousand  dollars,  and  is  owned 
in  its  entirety  by  Major  Armstrong. 
During  the  adjustment  of  the  trans¬ 
mission  line.  Major  Armstrong  sat  in  a 
boatswain’s  chair  several  hours  a  day 
adjusting  the  transmission  line,  while 
suspended  from  one  of  the  cross  arms 
400  ft.  above  the  ground. 

Indicating  the  interest  of  present 
broadcasters  in  the  new  method  of 
transmission  is  the  petition  now  pend¬ 
ing  before  the  FCC  made  by  John  V. 
Hogan,  owner  of  W’QXR,  for  a  con¬ 
struction  permit  to  build  a  frequency 
modulating  station  in  New  York  City. 
When  and  if  this  application  is  granted, 
the  station  will  supply  the  programs 


simultaneously  with  the  conventional 
amplitude  modulated  transmissions  of 
WQXR.  One  of  the  major  dilTerences 
between  the  two  systems,  which  has 
now  been  demonstrated  is  the  ex¬ 
tremely  wide  dynamic  range  of  the  fre¬ 
quency  modulated  systems,  with  respect 
to  changes  in  volume.  The  compres¬ 
sion  technique  employed  in  ordinary 
broadcasting  to  avoid  over-modulation 
and  distortion  is  not  essential  in  fre¬ 
quency  modulation,  and  as  a  result  the 
dynamic  range  of  the  reproduction  is 
very  much  greater  than  is  possible  in 
amplitude  transmissions. 

The  editors  plan  an  extensive  tour 
of  the  several  experimental  develop¬ 
ments  in  this  field,  and  will  report  their 
findings  in  an  early  issue. 

•  •  • 

Recent  Aehieveiiients  nf  the 
Rudioiiieteor^aph 

An  improved  radiometeorc.raph,  re¬ 
cently  constructed  by  the  National  Bu¬ 
reau  of  Standards,  has  been  put  into 
service.  The  device  operates  on  Olland 
principle,  in  which  an  electric  contiictor 
is  u.sed  to  contact  successively  several 
measuring  instruments.  In  the  new  de¬ 
vice  the  contactor  is  driven  by  an  elec¬ 
tric  motor  weighing  only  2  oz.  and 
capable  of  running  for  several  days 
from  a  single  flashlight  cell  of  the  type 
u.sed  in  “pen”  flashlights.  Rotary  con¬ 
tact  arms  are  attached  to  the  pressure, 
(Continued  on  juiye  J8) 


INVENTORS  OF  INVISIBLE  GLASS 


Drs.  Arthur  F.  Turner  and  C.  Hawley  Cartwright,  physicists  at  the 
Massachusetts  Institute  of  Technology,  who  have  jointly  developed  a 
method  of  making  "invisible  glass"  by  depositing  a  thin  film  of  sodium 
fluoride  on  the  surfaces  of  clear  glass,  are  shown  making  measure¬ 
ments  of  reflection  and  light  transmission  on  the  Hardy  spectrophotometer 
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THREE  BASIC  ENGINEERING  IMPROVEMENTS 

FOR  VOLUME  and  TONE  CONTROLS 
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temperature  and  humidity  elements.  The 
contact  keys  a  small  radio  transmitter, 
and  the  timing  of  the  contact  indicates 
the  position  of  the  measuring  element. 
The  accuracy  achieved  in  the  new  de¬ 
vice  is  exceptional;  pressure  measure¬ 
ment  is  reliable  to  2/10  per  cent,  the 
temperature  measuring  to  1  per  cent 
and  the  humidity  measuring  to  approx¬ 
imately  5  per  cent.  Tests  of  the  equip¬ 
ment  to  altitudes  as  high  as  12  miles 
have  proved  entirely  satisfactory. 


I',  S.  Su*el  Reports  Saviiifss 
from  Pliotoeleetrie  Fiiriiaec 
(Control 

Savings  of  as  high  as  50  per  cent  in 
the  life  of  refractory  brick  lining  in 
open-hearth  furnaces  were  reported  re¬ 
cently  by  Dr.  John  Johnston,  Director 
of  Research  of  the  United  States  Steel 
Corporation.  Dr.  Johnston  points  out 
that  the  “customer’s  requirements”  for 
modern  steel,  particularly  relating  to 


A  few  typical  Industrial  users 
of  Ferranti  transformers  — 


WHAT 

FERRANTI 

BUILDS 

FERRANTI 

BUILDS 

BEST 


Fig.  1 — Interior  view  of  fire  brick 
of  furnace.  showing  aperture 
through  which  heat  is  observed  by 
phototube 
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grain  size  and  tensile  strength,  make 
accurate  temperature  control  neces.sary 
throughout  the  production  of  the  metal, 
and  in  particular  in  the  open-hearth 
process.  The  photoelectric  control  unit 
now  used  consists  of  a  phototube  which 
views  the  interior  of  the  furnace 
through  windows  in  the  sides.  The  tube 
views  the  top  of  the  furnace,  rather 
than  the  heated  metal  itself.  If  the 
inside  temperature  goes  above  specified 
limits,  the  brightness  of  the  roof  of  the 
furnace  changes  sufficiently  to  actuate 


ELECTRIC 


Fig.  2 — Installation  of  phototube 
temperature  control  in  furnace  at 
the  Gary  Works  of  the  Carnegie- 
niinois  Steel  Corporation 
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What!  Buy  wood  to  whittle 


clothespins? 


A— Turned  Roller 
B — Punched  Mounting  Panel 
C— Milled  and  Drilled  Spacing  Strip 


THEN  WHAT  ABOUT  PARTS 
FOR  YOUR  OWN  PRODUCT? 

If  your  wife  needed  clothespins  you 
wouldn’t  buy  the  wood  and  make  them 
yourself.  A  homely  example  but  .  .  .  you 
may  be  making  parts  for  your  product  that 
you  should  buy  .  .  .  where  conversion  by 
you  isn’t  worth  its  inconvenience  and  cost. 
Possibly  we  can  help  you  as  we’ve  helped 
others. 

First,  by  the  use  of  Sy nthane  Bakelite-lami* 
nated  ...a  versatile  material  with  a  combina¬ 
tion  of  many  desirable  properties.  Second, 
by  doing  the  entire  job  of  machining. 

Vi'hen  you  turn  the  whole  job  over  to  us 
you  relieve  yourself  of  the  responsibility  for 
jigs  and  fixtures,  for  tooling  up,  for  mis¬ 
takes  and  rejects,  for  deliveries.  You  elimi¬ 
nate  capital  expense  for  productive  equip¬ 


ment,  interest  charges  and  charge-offs  for 
depreciation.  You  take  advantage  of  the 
economies  which  come  from  our  special 
equipment, specialized  experience  and 
methods. 

Vi’hat  you  pay  for  is  always  a  known  quan¬ 
tity  in  your  costs.  In  short,  you  get  what 
you  want,  when  you  want  it,  at  a  definite 
price,  without  any  production  worries  and 
most  important  .  .  .  usually  at  an  attractive 
saving  in  conversion  costs. 

As  an  example,  it  paid  three  widely  dif¬ 
ferent  manufacturers  to  have  us  produce 
the  products  at  the  left.  If  you  are  interested 
in  this  convenience  and  economy  write  us 
your  requirements.Youhave  nothing  to  lose. 

If  you  are  already  set-up  to  machine  parts 
economically  we  can  supply  you  with  Synthane 
Sheets,  Rods,  and  Tubes  .  .  .  help  you  in 
every  way  we  can. 


s«fEi&  •  180$  •  TiiES  •  FmicAUB  mu  •  mni  stabiliub  seab  matebU: 

SyWi1A]V£  €X>RP€N£tTiailI,  OAKS»  PEIWKSYIaVAIVIA 


-a 


SYNTftANE 


GUARDIAN^  ELECTRIC 


reg  W.  WALNUT  STREET  CHICAGO,  ILLINOIS 


the  phototube  which  regulates  the  sup¬ 
ply  of  fuel  accordingly.  The  improved 
quality  of  steel  is  not  the  only  result 
of  this  automatic  control.  Longer  life 
in  the  refractory-brick  lining  has  also 
resulted.  In  non-regulated  furnaces  it 
is  necessary  to  shut  down  the  furnace 
for  repair  to  the  brick  after  processing 
approximately  300  batches  of  steel. 
When  the  automatic  temperature  con¬ 
trol  is  put  in  operation,  4,'jO  to  500 
batches  of  steel  may  be  produced  before 
repairs  are  necessary.  The  tempera¬ 
ture  control  also  allows  a  higher  aver¬ 
age  temperature  w’hile  the  furnace  is  in 
operation  and  thus  reduces  the  time 
required  to  process  the  steel.  While 
the  saving  in  time  is  a  matter  of  min¬ 
utes  only,  the  saving  is  measured  in 
thousands  of  dollars  per  furnace  each 
year. 


EVERYTHING 


All  Osfillosoope  as 
a  “Wom”  Detector 

By  Earl  Travis,  KVE(' 

The  presence  of  a  “wow”  (defined  as 
periodic  speed  variation  in  a  phono¬ 
graph  turntable)  often  brings  forth 
heate<l  debate  which  usually  ends  up 
with  personal  remarks  about  the  hear¬ 
ing  ability  of  different  engineers. 

A  simple  check  which  can  be  used  to 
advantage  not  only  in  broadcast  sta¬ 
tions,  but  by  turntable  manufacturers, 
service  men,  and  others  who  work  with 
recorded  sound,  is  to  use  an  oscilloscope. 
A  stable  audio  oscillator  is  also  neces¬ 
sary.  The  output  of  the  oscillator  is  put 
on  the  vertical  plates  of  the  oscilloscope 


YOU  HAVE  A  RIGHT  TO  EXPECT  IN 


RELAYS  by 

GUARDIAN 


ENGINEERING  LABORATORY 

Devoted  solely  to  the  design  of 
electrical  control  units  from 
simple  to  most  intricate  com¬ 
binations  .  .  .  uniform  in  size 
.  .  .  space-saving  .  .  •  better 
and  more  economical. 


Above — One  of  Guardian's  highly  specialized  relay  depart¬ 
ments,  where  small  .  .  .  compact  Relays  by  Guardian 
are  built  to  give  maximum  control  In  minimum  space. 


JOLIOT-CURIE 

CYCLOTRON 


Such  efficiency  and  economy  is  partly  achieved  by  Guardian's 
unique  relay  construction. 


Improve  your  product  .  .  .  eliminate  excessive  mechanisms 
.  .  .  make  It  more  responsive  .  .  .  more  efficient  .  .  . 
less  costly  .  .  .  more  saleable  with  Midget  Relays 
by  Guardian. 


Guardian  equipment  offers  everything  you  have  a  right  to 
expect  in  uniform,  faultless,  dependable  controls. 


ASK  US  TO  MAKE  SPECIFIC  RECOM¬ 
MENDATIONS  TO  FIT  YOUR  SPECIAL 
NEEDS.  WRITE  FOR  CATALOG  E  TODAY. 


When  ordering  specify 
current,  voltage  or  re¬ 
sistance  of  coil,  con¬ 
tact  combination  and 
load  on  contacts. 


As  an  aid  in  lighting  cancer,  the 
Joliot-Curie  cyclotron  has  recently 
been  completed  at  the  New  College 
oi  France,  for  the  production  of  arti- 
ficial  radium.  Natural  radium  was 
discovered  in  1896  by  Pierre  and 
Marie  Curie  whose  son-in-law  and 
daughter  are  carrying  on  their 
scientific  investigations. 


For  Quick  Reference  to  Relays  by  Guardian,  See  Thomas'  Register 
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RATIO  LOAD 


LOAOCHARACTtRISTIC^ 

>^\NATT 

ERIE  INSULATED  RESISTOR] 


^  TIME  IN  HOURS 

100  200  300  400  500  600  700  800  900 


HUMIOITV  CMktkCTIRISTIC 
AMlIt  HT  CONDITION 

ERIE  INSULATED  RESISTOR 

'/iiNaTT 

90%ltUTi«(  Nuuiomr  »i40*C. 


Right:  Type  Y1  Erie  •/j-Watt 
Insulated  Resistor  shown  ac¬ 
tual  size.  Same  style  resistor 
also  made  with  1  watt  rating. 


INSULATED 

RESISTORS 

CAN  Ql4jbii2/(A£ 
THE 


IF  you  are  having  trouble  with  insu¬ 
lated  resistors  in  plate  circuits  where 
widely  fluctuating  voltages  cause  exces¬ 
sive  changes  in  resistance  values,  a  sure 
cure  lies  in  the  extremely  low  voltage 
coefficient  of  Erie  Insulated  Resistors,  as 
shown  in  the  top  chart. 

Do  you  require  a  resistor  that  must  have 
good  load  characteristics?  Take  a  look 
at  the  middle  chart  and  see  how  14  Watt 
Erie  Insulated  Resistors  "can  take  it." 
They  change  less  than  2.50%  in  resist¬ 
ance  value  when  operated  at  rated  load 
for  2.000  hours! 

Does  the  effect  of  humidity  lower  the  op¬ 
erating  efficiency  of  your  equipment? 
The  bottom  chart  shows  how  you  can 
eliminate  this  trouble  by  using  Erie  insu¬ 
lated  resistors. 

The  fact  that  in  ONE  resistor  these 
changes  in  electrical  characteristics  are 
uniformly  small,  makes  it  the  ideal  unit 
for  use  tmder  all  varying  types  of  con¬ 
ditions. 

We  will  be  glad  to  send  you  a  generous 
supply  of  samples  to  put  through  your 
own  particular  tests.  Write  today. 


ERIE  RESISTOR  CORPORATION, 

T  ORONTO.  CANADA  •  L  0  N  D  0  N  ,  E  N  6  L  A  N  0  •  P  A  R  I  S.  F  R  A  N  C  E  -  J.  E  .C  A  N  E  T  T  I  CO. 


MANUFACTURERS  OF  RESISTORS  •  CONDENSERS  •  MOLDED  PLASTICS 
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and  the  phono  pickup  is  connected  to 
the  horizontal  plates.  A  standard  fre¬ 
quency  record  is  put  on  the  turntable 
and  reproduced  throufrh  the  i)ickup. 
When  the  audio  oscillator  is  adjusted 
to  the  same  frequency  as  the  record, 
the  oscilloscope  pattern  is  an  oval.  If 
the  oval  remains  fixed  in  shape  all  is 
well,  but  if  there  is  the  least  sjjeed 
variation  in  the  turntable,  the  oval  will 
disappear  at  regular  intervals. 

It  is  usually  possible  to  mark  the 
turntable  with  respect  to  some  station¬ 
ary  object  just  when  the  oval  starts 
to  chanpe  shape,  and  then  to  turn  the 
table  by  hand  to  where  the  marks  line 
up.  Further  examination  will  show 
what  parts  of  the  worm,  near  teeth  or 
other  parts  of  the  drivinn  mechanism 
are  tonether  at  this  particular  instant, 
and  may  lead  directly  to  the  cause  of 
the  speed  irrenularity. 


H  tUe> 
^cU^icUilcl 
Ampii^ie/L 


.\ircraft  Slalio  Siippresj^or 
Iiiistalled  on  United  Air 
Liiu‘8  81iip»s 

.A  FORM  OK  STATIC  particularly  severe 
in  aircraft  is  known  as  “precipitatitm 
static”,  which  results  from  the  dis- 
charpe  of  electricity  accumulated  on 
the  plane  as  it  travels  throunh  renions 
of  different  potential.  The  di.scharne, 
it  was  found  in  a  series  of  tests  con¬ 
ducted  by  United  Air  Lines  ennineers, 
occurs  at  the  after  edges  of  the  plane 


IMAGINE  A  FEED-BACK  AMPUFIEB 
FLAT  WITHIN  .3  OF  A  DECIBEL 
FBOM  IS  TO  15,000  CYCLES  . . . ! 


From  Fairchild's  precision-instrument  laboratories  has  come  a 
feed-back  amplifier  which  sets  a  new  standard  for  distortion- 
free  range.  Designed  to  meet  the  demand  for  greeder  fidelity  in 
broadcasting,  recording,  playbacks  and  in  the  laboratory,  it  has 
literally  amazed  engineers  who  gave  it  thorough  tests  at  recent 
previews.  The  specifications  speak  for  themselves: 

Overall  gain— 75  db.  Ditloriion:  .3%  at  rated  output. 

Noise  level— SO  db  below  "0"  level.  Sise:  Fits  19  Vi"  relay  rack— 7"  high 

Rated  at  23  watts  into  500  ohm  re-  panel.  2  units— ampliiier  and  power 

sistive  load.  supply  each  this  size. 

Input  impedance  Multiple  line:  50,  Cover:  Dust  cover  removable  from 
125,  250,  500  ohms.  rear— quick  release,  no  screws. 

Output  impedance:  16  andSOOohms.  Accessibility:  Front  panel  remov- 
Input  line  volts:  110  to  125V:  50  to  able  by  release  oi  tour  thumb 
60  cycles  AC.  screws.  All  wiring  then  accessible. 

For  full  information,  send  for  descriptive  literature 


it  had  to  satisfy  Fairchild 


Static  suppressor  device,  which 
when  released  from  the  tail  of  an 
airplane  prevents  static  discharges 
from  the  plane  surfaces 


where  the  surfaces  of  the  plane  make 
the  sharpest  angles.  The  electrical 
noise  produced  by  this  discharge  was 
so  great  that  in  many  cases  it  com¬ 
pletely  crippled  the  radio  communica¬ 
tion  system  in  the  plane.  Various  anti¬ 
static  devices,  such  as  loop  antennas, 
completely  shielded  electrostatically, 
have  been  employed  but  have  provided 


Sound  Equipment  Division 
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For  some  time  there  has  been  need  for  a 
wide-range  oscillator  with  substantially 
constant  output  of  moderate  power,  not 
only  for  general  laboratory  bridge  measure¬ 
ments  but  also  for  taking  selectivity  curves 
over  a  very  wide  range  of  frequencies,  for 
measuring  transmission  characteristics  of 
filters  and  for  testing  wide-band  systems 
such  as  television  amplifiers  and  coaxial 
cables. 

The  new  General  Radio  Type  700-A 
Beat-Frequency  Oscillator  was  designed 
for  these  applications.  Through  unique 
circuit  and  mechanical  design  and  very 
careful  mechanical  construction  it  has  been 
possible  to  manufacture  an  oscillator  of 
good  stability,  output  and  waveform  at  an 
exceptionally  low  price. 


New 

Wide-Range 

Beat-Frequency 

Oscillator 


FEATURES 

WIDE  RANGE — two  ranges:  50  cycles  to  40  kc  and  10 
kc  to  5  Me. 

DIRECT  READING — scale  on  main  dial  approximately 
logarithmic  in  frequency.  Incremental  frequency 
dial  direct  reading  between  — 100  and  -(-100  cycles 
on  low  range  and  — 10  and  -flO  kilocycles  on  high 
range. 

ACCURATE  CALIBRATION— low  range:  ±2%  ±5 
cycles;  high  range:  :r2%  ±1000  cycles;  incremental 
dial:  ±5  cycles  low  range;  ±500  cycles  high  range. 

GOOD  FREQUENCY  STABILITY— adequate  thermal 
distribution  and  ventilation  assure  minimum  fre¬ 
quency  drift.  Oscillator  can  be  reset  to  zero  beat  to 
eliminate  errors  caused  by  small  drifts. 

GROUNDED  OUTPUT  TERMINAL  —  output  taken 
from  1,500  ohm  potentiometer. 

CONSTANT  OUTPUT  VOLTAGE— open-circuit  volt¬ 
age  remains  constant  between  10  and  15  volts  within 
±1.5  db  over  entire  frequency  range. 

WAVEFORM  —  total  har¬ 
monic  open- 

voltage  less 
than  3%  above  250 
cycles  on  low  range  and 
above  25  kc  on  high 
range. 


Type  700-A  Wide-Range  Beat 
PreqHency  SRRR.OO 
Oscillator 


*  Write  For  Bulletin  364  For  Complete  Information 
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AUTOMATIC  ELECTRIC 


When  you  buy  an  Automatic 
Electric  Relay  y(»u  pel  a  pre¬ 
cision  product  designed  and 
constructed  by  an  experienced 
company — for  Automatic  Elec¬ 
tric  has  been  making  relays 
for  over  fortv  vears! 


JFof*  EVERY  Industrial 
J%feedl 


The  Automatic  Electric  line  of  relays  includes  quick 
and  delayed  action  types,  sensitive  and  heavy  duty 
types,  mechanical  locking  types,  polarized  relays,  etc. 
Available  with  any  contact  combination  and  for 
operation  on  D.C.  or  A.C.  circuits  of  any  voltage. 


Vi  rite  for  complete  illustrated  catalog  of  re¬ 
lays,  stepping  switches,  electric  counters, 
solenoids,  keys,  and  other  electrical  control 
accessories.  Address  American  Automatic 
Electric  Sales  Company,  103.3  W.  Van  Buren 
St.,  Chicago. 


ELECTRIC 


M  A  K  K  K  S  OF  T  E  I.  K  P  H  O  N  E  AND  SIGNALING  A  P  P  A  R  A  T  I  S 
ELECTRICAL  ENGINEERS,  DESIGNERS  AND  CONSI  LTANTS 


only  partial  relief  from  the  trouble. 
This  type  of  static  is  especially  serious 
since  it  occurs  when  radio  communica¬ 
tion  is  most  important,  during  snow, 
heavy  rains,  and  in  clouds. 

A  new  device  in  the  form  of  a  wire 
which  trails  from  the  tail  of  the  plane 
has  been  perfected  by  the  United  Air 
Lines  working  with  the  Bendix  Radio 
Corporation.  In  the  tail  of  the  ship,  as 
shown  in  the  accompanying  picture,  two 
pockets  are  constructed,  each  contain¬ 
ing  a  rocket-like  contrivance,  which  is 
released  from  the  tail  of  the  plane  by 
an  electrical  release  device  actuated  by 
the  pilot.  Actually  the  rocket  consists 
simply  of  a  w’ind  sock  and  a  spring 
release  for  curling  out  a  length  of  ap¬ 
proximately  .oO  or  60  ft.  of  fine  steel 
w’ire.  This  wire  is  of  small  enough 
diameter  to  constitute  the  sharpest  ra¬ 
dius  of  curvature  on  the  surface  of  the 
plane.  In  consequence  the  static  dis¬ 
charge  occurs  from  the  wire  rather 
than  from  the  other  parts  of  the  fuse¬ 
lage.  The  wire  is  long  enough  so  that 
the  discharge  occurs  at  a  considerable 
di.stance  behind  the  plane  itself,  and  is 
thus  removed  from  the  vicinity  of  the 
receiving  antennas  of  the  radio  system. 
To  prevent  re-entrance  of  radio  fre¬ 
quency  components  from  the  discharge 
wire,  a  suppressor  is  included  in  the 
length  of  the  wire  in  the  form  of  re¬ 
sistor  especially  designed  for  use  in 
the  trailing  wire.  This  resistor  acts  in 
the  same  way  as  the  suppressor  resistor 
in  an  automobile  radio  installation.  Two 
complete  units  are  carried  to  provide  a 
spare  in  the  event  that  two  “attacks” 
of  static  are  met  in  a  single  flight.  The 
device  is  being  installed  on  all  the 
Douglas  twin-engined  transports  of  the 
United  .Air  Lines,  and  is  available  for 
other  planes  as  well. 


•  •  • 


KGLO’s  Mobile  Uiiil  Travels 
3, .'>00  Miles  ill  Five  Months 

An  u.nusual  example  of  active  cover¬ 
age  of  special  events  by  mobile  unit 
has  been  achieved  by  the  staff  of  KGLO, 
Ma.son  City,  Iowa.  In  five  months  the 
unit  has  traveled  some  3,500  miles,  all 
within  a  radius  of  100  miles  from  the 
base  station,  covering  fairs,  celebra¬ 
tions  and  other  special  events.  Two 
relay  frequencies  are  used,  2790  kilo- 


3500  miles  in  five  months  is  the 
record  of  KGLO'S  mobile  unit 
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THE  ORIGINAL,  COMPLETE  ANO  SATISFAC¬ 
TORY  SOCKET  FOR  THE  NEW  LOCTAL  TUBE 

With  the  introduction  of  the  new  Loctal  Tube 
—  comes  the  new  Cinch  socket;  already  in 
extensive  use,  it  has  proved  most  efficient. 
Cinch  pioneers  again! 

Flexible  in  applying  its  services,  a  scientifi¬ 
cally  trained  organization  anticipates  chang¬ 
ing  conditions.  Satisfied  customers  every¬ 
where  commend  the  proven  “Cinch”  policy 
—  “Your  problems  are  our 


cihch 


problems.” 


Sockets  Actual  Size—^ 


MANUFACTURING  CORPORATION 

2335  WEST  VAN  BUREN  STREET,  CHICAGO,  ILL. 


Subsidiary:  United-Carr  Fastener  Corp.,  Cambridge,  Mass. 
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6778 

1!4'  M.C 


6758 

IVu'M.C 


6738 

lyu'M.c 


CERAMIC 

TUBE  BASES 


cycles  relaying  from  the  truck  to  the 
main  transmitter,  and  31,100  kilo¬ 
cycles  for  local  pick-up  work  used  with 
a  portable  transmitter  which  relays  the 
report  to  the  truck  whence  it  is  trans¬ 
mitted  on  2790  kc.  to  the  main  trans¬ 
mitter.  The  ultra  high  frequency  unit 
is  used  for  pick-ups  which  must  occur 
more  than  500  ft.  from  the  truck.  Mi¬ 
crophone  cables  up  to  500  ft.  are  avail¬ 
able  for  closer  w'ork.  The  antenna  u.sed 
for  relay  work  depends  on  the  distance 
to  be  covered.  A  10-ft.  vertical  pole 
suffices  for  distances  up  to  15  miles. 
When  the  antenna  is  telescoped  out  to 
its  full  lenfrth  of  30  ft.,  a  ranjre  of  50 
miles  can  be  obtained,  whereas  for 
distances  up  to  100  miles  a  short  ver¬ 
tical  antenna,  either  one-quarter  wave 
or  a  half  wave  lonj;  is  used  and  makes 
possible  reproduction  of  good  broadcast 
quality  up  to  300  miles.  I’ower  supply 
for  the  truck  may  be  obtained  directly 
from  local  distribution  circuits  when 
they  are  available  or  from  a  110-volt 
a-c  motor-driven  Kato  frt*nerator,  which 
has  sufficient  power  to  operate  the  en¬ 
tire  station  as  well  as  the  In^acon  lights 
on  the  antenna. 


•  •  • 

CBS  Develops  Portable  Audio 
M€*asuriiip  Set 

The  enrineering  department  of  the 
Columbia  Broadcasting  System  has  re¬ 
cently  developed  a  complete  automatic 
audio  measuring  equipment  which  has 
been  set  up  in  one  of  the  studios  of 


CBS  automatic  audio  measuring  set 


station  WABC.  The  equipment  is  port¬ 
able  and  a-c  operated,  and  is  intended 
for  measuring  the  response-frequency 
characteristics  of  a  complete  system  or 
j  of  any  individual  component  part,  such 
I  as  an  amplifier,  filter,  line,  etc.  For 
j  such  measurements  the  equipment  auto- 


Bases  made  from  low-loss,  glazed  Alsimag 
are  now  available  for  the  usual  applications 
at  no  extra  cost.  Television  assemblies  are 
also  Improved  by  using  these  same  bases. 


Quick  deliveries  can  be  made  as  all  sizes 
and  combinations  are  carried  In  stock. 
Upon  request,  literature  and  prices  on 
given  quantities  can  be  supplied. 


Sales  Offices 

WASHINGTON  ST.  LOUIS 

CLEVELAND  LOS  ANGELES 

CHICAGO  SAN  FRANCISCO 


February  J 939  ~  ELECTRONICS 


NEW  YORK 

BOSTON 

PHILADELPHIA 


Wt  blON  ^ 
SJNSimot 


Time  Delay  Relays  (Model  613) 


Compensated  bi-metal  opera 


No  matter  how  limited  the  energy  avail¬ 
able-down  to  a  bare  2  microamperes  — 
WESTON  Sensitrol  Relays,  with  indicating 
scales,  can  put  it  to  work  as  a  means  of 
positive  control.  Similarly,  if  operating 
speed,  high  output  or  some  other  critical 
element  is  the  limiting  factor,  there  are 
other  WESTON  Relays  which  meet  each 
requirement  “on  the  nose.” 

Today,  as  engineers  and  industrial  ex¬ 
ecutives  make  plans  for  safer,  surer  and 
more  flexible  means  of  electrified  control, 
they  design  their  circuits  around  the  posi¬ 
tive,  unfailing  contacts  of  WESTON  Relays. 
One  or  more  of  these  units  is  almost  cer¬ 
tain  to  meet  your  own  specific  needs.  Why 
not  write  for  a  copy  of  “WESTON  Relays” 
—  a  12-page  bulletin  giving  full  specifica¬ 
tions?  Weston  Electrical  Instrument  Corp., 
618  Frelinghuysen  Ave.,  Newark,  N.  J. 


Weston 


Sansitive  Relays  (Model  30) 

Permanent  magnet,  movable 
coil  operation  .  .  .  for  circuits 
up  to  200  milliamperes,  6  volts, 

DC _ in  types  for  “high-low” 

voltage  (or  current)  control, 
and  for  regulation  of  voltage 
(or  current)  within  1%.  Also 
“microampere”  type,  operat¬ 
ing  from  high  -  side  to  low- 
side  at  a  minimum  differential 
of  15  microamperes. 


Sensitive  Relays  (Model  S34) 

Compact,  permanent  magnet, 
movable  coil  operation  . .  .  for 
circuits  up  to  200  milliam- 
peres,  6  volts,  DC  .  .  .  for 
surface  or  flush  mounting  in 
current  relay,  voltage  relay  or 
"microampere”  types. 


Imfruntenfs 


tion  .  .  .  single  or  double  cir¬ 
cuit  . . .  provides  time  delay  of 
15  sec.  to  1  minute  between 
initial  impulse  and  operation 
.  .  .  handles  up  to  25  watts  at 
110-volts  output. 


Sensitivt  Indicating  Relays  (Model  730) 

Designed  specifically  for  alarm 
circuit  use  where  current  is 
normally  held  at  2  milliam¬ 
peres  . . .  standard  model  serves 
as  indicator  over  0-4  milliam- 
pere  range,  with  contacts  at  1 
and  3  milliamperes  .  .  .  com¬ 
pact  and  inexpensive. 


Rower  Relays  (Model  630) 

Electro-magnetic  type  with 
one  to  four  mercury  switch 
contacts  . . .  designed  particu¬ 
larly  for  use  with  sensitive 
relays  to  supply  output  energy 
up  to  1000  watts  .  .  .  operate 
on  6  volts  DC,  or  from  trans¬ 
former  rectifier  unit. 


YOUR 

PRODUCTION 

WTH 


niatically  traces  a  curve  of  the  ampli¬ 
tude  response  versus  frequency  of  the 
equipment  under  test.  The  device  may 
also  be  used  for  reverberation  studies 
and  for  general  acoustic  measurements. 
When  used  for  recording  the  growth  or 
decay  of  sound,  the  maximum  rate 
which  the  machine  will  accommodate 
is  560  db.  per  second.  The  equipment 
was  developed  by  H.  A.  Chinn  and 
N.  James  of  the  General  Engineer¬ 
ing  Department  of  CBS. 


New  Millioii-Voll  X-Ray  Eni- 
pl(»y8  Resonaiiee  Traiisfornn»r 
and  Gas  Insulation 

Following  a  long  study  by  General 
Electric  Flngineers  to  produce  a  high 
voltage  X-ray  equipment  of  compact 
dimensions  and  low  cost,  that  company 


DILECTO 


a  Laminated  Plastic  made 
to  meet  your  specific 


Punched  Insulating  Parts 


There  is  never  a  let-up  at  Conti¬ 
nental-Diamond's  Research  Lab¬ 
oratory  in  its  study  of  individual 
insulating  problems  and  the  de¬ 
velopment  of  materials  to  meet 
them.  li  you  have  not  availed 
yourself  of  the  technical  service 
which  we  offer  you  are  probably 
overlooking  an  opportunity  to 
facilitate  production,  improve  per¬ 
formance  or  cut  costs. 


Extremely  compact  million  volt  x-ray 
generating  equipment  has  been  de¬ 
veloped  by  the  General  Electric  Co. 
Instead  oi  using  an  iron  core  as  in 
usual  transformer  construction,  the 
transformer  is  operated  at  its  reson¬ 
ant  frequency  and  has  an  air  core 


ha.s  announced  the  development  of  a 
complete  X-ray  equipment  to  be  in¬ 
stalled  this  spring  at  the  Memorial  Hos¬ 
pital,  New  York  City  for  research  in 
the  treatment  of  cancer.  The  X-ray 
tube  employed  operates  at  a  million 
volts,  peak,  with  a  current  of  3  milli- 


Machined  Insulating  Parts 


The  adoptability  of  DILECTO  is 
almost  limitless;  and  the  ability 
of  our  Laboratory  to  predetermine 
properties  is  accurate  to  a  high 
degree.  Thus,  a  study  of  your 
problem  may  uncover  some  slight 
or  important  change  that  would 
provide  the  solution  helping  to 
speed  up  production,  improve 
product  performance  or  lower 
costs.  Write  and  let  us  show  you 
what  we  con  do. 


Sheets — Rods — Tubes 


CONTINENTAL-DIAMOND  FIBRE  COMPANY 


The  filament  end  oi  the  X-ray  tube, 
and  a  part  of  the  automatic  control 
mechanism.  The  shield  serves  to 
protect  this  part  oi  the  tube  from 
discharges,  since  this  is  the  high 
potential  end  oi  the  device 


NEWARK.  DELAWARE 


Represented  in  Canada  by 
Diamond  State  Fibre  Co.,  of  Canada,  Limited 
Toronto  Montreal 
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Even  YoMiv  Conservative  \todels 


VISIT  THE  BAKELITE  EXHIBIT,  HALL  OF  INDUSTRIAL  SCIENCE.  NEW  YORK  WORLD’S  FAIR  1939 


Gain  ]\ew  Personality 


from  nahehte  3tolt1ed 


Tn  (;aIN  DISTINCTIVK  STYLING  in  coiiM-rvative 
cahincts  . . . //irif  is  often  one  of  tile  most  diflieiilt 
slylinj;  tasks.  Y  et,  see  liow  well  it  has  been  aehieved  in 
the  cabinets  shown — tbronjtb  use  of  Rakelite  Mohlejl! 

In  the  Clinton  Set.  eonliniions  grooves  around  top 
and  sides,  and  tiny  eonneetinj:  links  between  «rrillwork 
bars,  combine  to  create  personality  in  a  simple  basic 
desijrn.  In  the  Fada  cabinet,  unusual  louvre-like  grooves 
fontaininp  prill  openings  furnish  an  oripinal  effect. 
I'a<-b  model  is  completely  pnxluced  in  one  piece  from 
Hakelite  Molded. 

For  any  new  departures  in  cabinet  stylinp,  involvinp 
unusual  forms,  Ilakelite  Molded  permits  even  preater 
Irccdom  of  desipn.  Available  in  all  colors  from  white 
or  pastel  shades  to  midnipbt  black...  in  transparent, 
translucent  or  opa<|ue  effects ...  it  also  provides  rich 
color  without  separate  finisbinp  operations. 

I^arn  how  Bakelite  Molded  and  other  Bakelite 
plastics  can  help  you  to  desipn  hipper-sellinp  cabinets. 


and  improve  electrical  performance  of  sets.  rite  for 
Portfolio  13  of  illustrated  h«>oklets  descrihinp  many 
of  these  materials. 

HAKKLITE  COKPOK ATION,  217  Park  Ave.,  New  York 

Chiragn;  13  FaM  Ohio  Strrrt 

IIAKF.I  ITK  rORPOR  ATION  OF  rANADA,  I.TD.,  163  Diifferin  St.,  Toronto 
If  f  V>a3r:  Flwtrical  SjKrialty  Co.,  Inc.,  San  Franciwo,  To*  .An^rlcA  an«l  Seattle 

Gonsiih  Bakelite  Headquarters  for  Plasties 
.\t  lliis  single  central  source,  more  than  2.0(X)  plastic  materials 
are  available,  incliuliiig  mohling  materials,  laminate<l  stock  and 
insulating  varnishes  of  unusual  value  to  radio  designers.  They 
offer  wide  selection  of  color,  transparent  or  opaque  effects,  tough¬ 
ness,  power  factor  and  other  characteristics. 

Fill  your  needs  more  accurately  with  Bakelite  I’oi.YSTt  RK>ES, 
I  REVS.  CEI.I.l  I.OSE-VCETVTES.  PIIEVOMCS. 


P  L  A  S  T  I  €  H  K  A  II  4M'  A  It  T  E  R  K 


(  .Ihoi  e)  Conxerrattvo,  yt’t  strik- 
iiifi,  ix  this" Fndalvtte" housed  in 
tvalnut-colored  Unkelile  Moldal. 
i'.omplete  cabinet,  including 
louvre-like  grill,  formed  in  one 
fto-ce.  Stokex  Ruhln'r  Co.,molder. 

[liight]  Dixtinclive  xtyling  for 
this  Clinton  table  radio  is  oh- 
tained  with  a  one-piece  cabinet  of 
lusinnis  black  Itakelite  Molded. 
Auburn  llutlon  II  ttrkx,  molder. 
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INSUROK 

THE  SUPERIOR  PLASTIC 
MOLDED  PARTS  AND  PRODUCTS 

for 


ELECTRICAL  INSULATION 


•  To  select  Richardson  as  your  source  of  sup¬ 
ply,  and  INSUROK  for  your  molded  plastic 
parts  and  products,  is  to  solve  a  major  produc¬ 
tion  problem.  Whatever  your  plastic  require¬ 
ments,  it  will  be  to  your  profitable  advantage 
to  see  Richardson  first. 

Richardson  Research,  Design  and  Engineering 
staff  will  be  glad  to  discuss  any  problem  involv¬ 
ing  the  use  of  plastics.  Literature  on  request. 


7^  RICHARDSON  COMPANY  ' 

Mrlr.ric  Park.  (Chiragn)  III.  Founded  lliS8  Lackland,  (t  im  innati)  Ohi.. 

New  Brun^wtek.  N.  J.  Indtana|>oll^.  Ind 

rXtroil  Office  4  2.S2  G  M  Buddinfe.  Phone  Madison  9386  * 

New  York  Office:  75  West  Street,  Phone  Whitehall  4  448'  * 


amperes.  The  outfit  operates  on  3 
phase,  60  cycle  power,  and  employs  a 
specially  design^  transformer  which 
contains  no  iron  core.  Rather,  the 
principle  of  the  tuned  transformer  is 
employed.  The  hifih  tension  windinj;  of 
the  transformer  consists  of  more  than 
100  coils  of  wire,  each  heinn  in  the 
form  of  a  thin  flat  pancake  with  a  hole 
in  the  center.  The  primary  coil  is  a 
pancake  coil  of  stiff  copper,  which  is 
mounted  at  the  base  of  the  e(]uipment. 
The  secondary  coils  are  stacked  above, 
thus  forming:  a  cylindrical  structure 
through  the  center  of  which  the  X-ray 
tube  itself  passes.  The  tube  thus  occu¬ 
pies  the  position  normally  taken  by  the 


L.  E.  Dempster  and  W.  F.  Westen- 
drop,  assembling  a  million  volt  x-ray 
equipment.  A  novel  feature  of  the 
construction  is  that  the  tube  is  en¬ 
closed  in  the  center  of  the  trans¬ 
former,  and  that  the  equipment  is 
small  enough  for  installation  in 
existing  hospitals. 


core  of  the  transformer.  Insulation  of 
the  transformer  is  obtained  by  enclos¬ 
ing  it  in  a  gas-tight  tank  and  filling 
the  tank  with  dichlorodifluoromethane,  a 
colorless  non-poisonous  gas  of  extremely 
stable  characteristics.  The  gas  weighs 
100  lb.,  and  takes  the  place  of  12,000 
lb.  of  conventional  insulating  trans¬ 
former  oil  which  has  been  useo  in  simi¬ 
lar  installations.  By  virtue  of  this  in¬ 
sulating  system,  and  the  unusual  ar¬ 
rangement  of  the  transformer  and 
tubes,  the  entire  device  is  extremely 
compact  and  may  be  installed  in  exi.st- 
I  ing  hospital  buildings.  The  comparable 
1  installation  of  1933  for  800,000  volts  re¬ 
quired  a  building  52  ft.  long,  32  ft.  wide 
and  36  ft.  high.  The  new  equipment  in 
,  contrast  is  about  8  ft.  tall  and  approx- 
i  iniately  6  ft.  in  diameter  (these  being 
I  the  dimensions  of  the  gas-tight  tank.) 

The  tube  itself  is  built  in  eleven  sec¬ 
tions,  each  section  containing  a  corona 
shield  which  distributes  the  potential 
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Broadcasting  stations  all  over  the  country  have  found 
these  six  tubes  remarkable  for  their  long  life,  reliabil¬ 
ity  and  freedom  from  arcback. 

Important  features  are: 

1.  Enclosed  field  structure:  the  anode  surrounds  the 


cathode  shield  and  limits  ionization  to  a  small 
volume. 

2.  Rugged  filament  design. 

3.  Reliable  glass  construction:  careful  control  of 
manufacturing  processes  minimizes  glass  strains. 


CHARACTERISTICS 


255B 
5  volts 
19  amperes 


315A-321A 
5  volts 
10  amperes 


267B-319A 
5  volts 

6.75  amperes 


266B 
5  volts 
42  amperes 


DISTRIBUTORS 


Filament  voltage 
Filament  current 
Maximum  peak 
plate  current 
Maximum  peak 
inverse  potential 


Graybar  Electric  Company,  Graybar  Building, 
New  York  City.  In  Canada:  Northern  Electric 
Co.,  Ltd.  In  other  loraign  countries:  Inter¬ 
national  Standard  Electric  Corp. 


20  amperes 


2.5  amperes 


2.5  amperes 
7,500  volts 


20,000  volts  20,000  volts 


12,500  volts 


Western  Electric  ^ 

ELECTRONIC  EQUIPMENT 


KCTROMCS 


equally  alonp:  the  length  of  the  tube. 
The  entire  tube  is  56  in.  long  and  3J  in. 
in  diameter.  The  tube  itself  extends 
below  the  bottom  of  the  gas  enclosure 
for  a  distance  of  about  23  in.,  and  it  is 
from  this  portion  of  the  tube  that  the 
X-ray  radiation  is  obtained.  The  entire 
equipment  weiphs  about  2  tons  includ- 
inp  1,000  lb.  of  protectinp  lead  shieldinp. 
.•Ml  adjustments  of  the  voltape  applied 
to  the  tube  and  the  current  throuph  it 
are  made  remotely  throuph  electrically 
controlled  circuits. 


CAN  SUPPLY 


Diwliarjie  Tube*  for  Relay 
('oiitaets 


The  editors  are  indebted  to  .Mr.  Fred¬ 
eric  S.  Beale,  of  .M.l.T.  for  the  suppes- 
tion  that  a  neon  discharpe  tube  may  be 
used  to  shunt  an  inductive  load  in  re¬ 
lay  operation.  .Mr.  Beale  notes  the  sup- 
pestion  of  Mr.  A.  \V.  (’lenient  in 
“Troubles  with  Relay  (’ontacts,”  which 
appeared  in  the  December  issue,  that 
inductive  loads  be  shunted  with  non- 
inductive  resistance.  If  a  discharpe  tube 
is  used,  the  loadinp  effect  of  the  re¬ 
sistance  is  avoided,  and  the  speed  of 
operation  is  very  hiph.  The  only  re¬ 
quirement  is  that  sufficient  inductive 
voltape  be  developed  to  cau.se  the  load 
to  ipnite  the  neon  tube.  Several  surpe 
tubes  of  the  pas  type  are  available  on 
the  market  and  may  be  applied  readily. 


n  rite  us  vourernin^ 
your  difficult 
resistuuce  problems 


THEY  ARE  OUR  SPECIALTY 


ECHO  CAMERA  USED  IN 
SEARCH  FOR  OIL 


The  eearch  for  oil  is  carried  on 
with  modern  methods  through  the 
use  of  an  earthquake  echo  camera 
which  records  sound  vibrations 
from  an  underground  explosion. 
Herbert  Hoover.  Ir»  is  shown  ex¬ 
amining  the  geophysical  recording 
oscilloscope  or  echo  camera. 


GLOBAR  DIVISION 
THE  CARBORUNDUM  COMPANY 


p*  Oflit'f's  and  ^  arrhouiitts  in  Nrw  ^ork.  Chicago,  Pbiladrlpbia,  Detroit,  Cleveland, 
Pittsburgh,  Cincinnati,  (vrand  Rapidp 

(^^rborundum  an<l  (»lobar  are  registered  trade-marko  of  I'be  CarlMirundiim  (>«»mpanv) 
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Brawn  Monel  Tubing  is  the  answer  to  this  “want 
ad.”  By  Pressure  Brazing  spiral  Monel  strip  and 
then  Cold  Drawing  it  to  required  diameters  we  pro¬ 
duce  a  tubing  which  approximates  seamless  in  ten¬ 
sile,  compression  and  bursting  strengths.  Better  still, 
its  manufacture  is  accomplished  with  far  less  labor, 
time  and  waste — savings  that  are  passed  on  to  the 
user  with  the  result  that  Brawn  Tubing  has  found 
quick  favor  with  designers  who  are  necessarily  work¬ 
ing  on  a  limited  budget. . . .  Glad  to  send  you  testing 
samples  and  quotations.  Write  us. 


SUPERIOR  TUBE  COMPANY 

Norristown,  Pa. 


ALSO  MAKERS  OF  FINE  SMALL  SEAMLESS  TUBING  IN  VARIOUS  METALS 
AND  ALLOYS  AND  LOCK-SEAM  CATHODE  SLEEVES  UNDER  U  S.  PATENTS 


N  TE 

5X..MANY  INnncVr 


resisting 


compaiuble 


price 
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B  iH  IB  *111  T 

1*1  If 

LAWRENCE  &  LAMON  AVES 

_ 15  EAST  26TH  STREET. 


NEW  YORK  CITY 


1  Candid  Camera  X-Ray 

A  NEW  METHOD  of  producinjr  instan¬ 
taneous  X-ray  exposures  has  been  an¬ 
nounced  by  the  Westinjrhouse  X-Ray 
I  Company  in  connection  with  a  new 
i  X-ray  machine  intended  primarily  for 
chest  examinations.  In  such  work  it 
'  is  necessary  to  have  a  short  and  in¬ 
tense  exposure  in  order  that  the  motion 
i  of  the  heart  may  not  affect  the  radio- 
p:ram  from  which  the  diajrnosis  is  made. 

;  Power  is  obtained  from  a  110-volt  line, 
is  rectified,  and  charges  a  bank  of  con¬ 
densers  whose  capacity  is  adjustable  by 
i  the  exposure  control.  The  condensers 
attain  full  char^re  in  approximately  8 
seconds.  When  the  full  charjre  is  at- 
taine<l,  an  increase  in  the  temperature 
of  the  X-ray  tube  filament  permits  the 
discharge  of  the  energy  through  the 
X-ray  tube. 

While  the  condensers  are  char^inK. 
I  the  X-ray  tube  filament  is  kept  at  so 
I  low  a  temperature  that  no  current  can 
I  flow  through  it.  This  is  accomplished 
'  by  a  series  of  resistances  connected  to 
i  the  filament,  which  limits  the  filament 
current  to  2i  amperes,  the  value  at 
which  no  electronic  conducti»>n  occurs. 


Featuring  — 

Laminated  core  *  Impregnated  coil  *  Effi¬ 
cient  low  loss  magnetic  circuit  *  Multiple 
contact  assemblies  (large  selection  of  forms 
available)  *  Contacts;  selection  of  welded 
silver,  palladium  and  tungsten,  in  various 
sizes  up  to  diameter  *  Mounting  dimen¬ 
sions,  interchangeable  with  Clare  Types  C, 
D  &  E — DC  relays. 


Write  lor 
descriptive 
eatalop. 


Providing  — 

Efficient  quick  operation  • 
bounce"  *  6  to  220  volts  AC- 
cycle  operation  *  Long  life  *  I 
consumption. 


nigh-vacuum 
Oil  Diffusion  Pumps 


riTH  the  aid  of  new  low-vapor-pressure  fluids  and  appa- 
^  ’  ratus  of  unique  design*,  extremely  low  pressures  and  high 
pumping  speeds  are  now  made  possible. 


Called  a  "candid  x-ray  cairera" 
because  oi  its  compactness,  this  unit 
takes  exposures  in  1  100th  second 


Pressurr  BarkiiiK  S|irrd 

Pump  Obtainable!  Prenaure  at  10*^  mi 

All-glass,  single-stage  10-5  mm.  .08  mm.  3  1/s. 

All-glass,  3-compartment,  2-jet  5xl0-Tmm.  .20  mm.  12  1/s. 

All-glass,  4-compartment,  3-jet  5  x  10-«  mm.  .20  mm.  15  1/s. 

Class  Booster  10-5  mm.  1.0  mm.  3  1/s. 

Class-metal,  high-speed  5x10*6  mm.  .15  mm.  220  1/s. 

pumps  and  pump  oils  are  protected  by  patents  granted  and  applied  for. 
^Measured  with  an  ionisation  gaugeat  !S°  C.,  without  the  aid  of  a  cold-trap. 


When  the  discharge  is  desired  a  ballast 
lamp  is  shunted  across  the  series  re¬ 
sistor.  The  ballast  lamp  has  a  low  re¬ 
sistance  when  cold  but  a  high  resistance 
when  hot.  When  initially  shunted 
across  the  resistor,  the  low  resistance 
of  the  balla.st  lamp  permits  a  fila¬ 
ment  current  of  approximately  6.5  am¬ 
peres  to  initiate  the  current  flow 
suddenly.  To  prevent  excess  emission 
the  ballast  lamp  heats  up  and  reduces 
the  filament  current  to  the  correct 
value  for  exposure  of  4.5  amperes. 
When  the  condensers  are  completely 
discharged  the  exposure  is  automatic¬ 
ally  terminated.  Duration  of  the  ex¬ 
posure  is  approximately  one  one-hun¬ 
dredth  of  a  second. 


Inquiries  are  invited  regarding  molecular  distillation  appa¬ 
ratus,  high-vacuum  pumps,  low-vapor-pressure  fluids,  and  other 
aids  to  high-vacuum  technology. 


DISTILLATION  PRODUCTS,  INC 

- - ROCHESTER,  N.  Y _ 
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AUTHENTIC  TELEVISION  REVIEW 

IN  THE  MARCH  ISSUE  OF  ELECTRONICS 


The  March  ELECTRONICS  television  review  —  pre¬ 
ceding  by  a  month  the  inauguration  of  broadcast¬ 
ing-marks  the  experimental  and  design  engineers’ 
collective  bow  to  production,  the  release  from  lab¬ 


oratory  to  public  of  a  great  new  art.  It  will  tell 
the  reader  what  is  here— what  is  coming.  It  will  show 
in  advertisements  where  products  are  procurable. 


ADVERTISERS  POINTING  THEIR  PRODUCTS 
TOWARDS  TELEVISION  SHOULD  PUT  THEIR 
SALES  MESSAGE  IN  THIS  MARCH  ISSUE  — 


Because: 

it  will  be  read  —  editorial  and  advertising  —  by  ALL  of  your  important 
product  prospects. 

ELECTRONICS,  with  its  net  paid  circulation  of  more  than  13,000,  is  your  only 
means  of  penetrating  to  unknown  television  design  headquarters,  getting  to 
that  man  or  those  men  who  make  purchase  decisions. 


ELECTRONICS  has  played  an  important  part  in  this  television  de¬ 
velopment  from  its  inception  —  always  awake  to  the  potentials  of 
this  patiently  perfected  electronic  idea.  It  has  published  authentic 
articles  consistently  for  years  (more  than  65  pages  of  television 
material  in  1938  alone). 

These  progressive  articles  on  the  engineering  development  of 
television  have  been  guided  to  ELECTRONICS  readers  by  editors 
well  known  as  consultants  in  the  field  —  experimenters  themselves 
who  have  kept  up  with  television  by  building  television  components 
and  sets  in  the  ELECTRONICS  laboratory. 


Needless  to  soy,  after  the  March  issue,  ELECTRONICS  editors  will 
continue  to  maintain  the  lead  in  authentic  information  on  this  new 
art;  not  os  o  matter  of  opportunism,  but  os  o  continued  service  to 
its  readers. 


PUT  YOUR  SALES  MESSAGE  IN  ELECTRONICS 
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THE  ELECTRON  ART 

Each  month  the  world’s  technical  litera¬ 
ture  is  scanned  to  see  what  physicists  and 
engineers  are  doing  with  tubes,  for  pres¬ 
entation  in  tabloid  form  to  Electronics’ 
readers 


The  Future  of  Television 

General  informational  articles  on 
television  appear  to  be  in  the  limelight 
these  days.  The  December  31  issue  of 
Business  Week  contained  a  14-page 
article,  “1939 — Television  Year,”  by 
Donald  G.  Fink,  managing  editor  of 
Electronics.  This  issue  had  hardly  come 
off  the  press  when  the  January  issue 
of  the  Journal  of  the  Society  of  Motion 
Picture  Engineers  appeared  containing 
an  article,  “The  Road  Ahead  for  Tele¬ 
vision,”  by  I.  J.  Kaar,  of  the  General 
Electric  Co.,  at  Bridgeport,  Conn.,  where 
a  considerable  amount  of  television 
work  is  being  done,  especially  in  so  far 
as  this  relates  to  television  reception. 

The  author’s  summary  states:  “Now 
that  television  standards  have  been 
agreed  upon  in  the  United  States,  com¬ 
mercial  receiving  sets  will  undoubtedly 
be  available  very  soon,  and  regularly 


scheduled  television  programs  may  be 
expected  at  the  same  time.  How  good 
will  the  television  be  and  what  are  the 
problems  yet  to  be  solved  before  tele¬ 
vision  reaches  the  technical  maturity 
that  radio  has  today?  These  are  ques¬ 
tions  of  considerable  interest  to  engi¬ 
neers  in  related  fields,  and  are  the  sub¬ 
ject  matter  of  the  present  paper.  The 
quality  of  present-day  television  pic¬ 
tures  is  compared  with  that  of  motion 
pictures  both  in  the  theatre  and  in  the 
home.  A  discussion  is  given  of  the 
problems  that  have  been  found  to  make 
television  what  it  is  today,  and  con¬ 
sideration  is  given  to  the  problems  that 
must  be  solved  to  make  television  what 
we  hope  it  will  be  tomorrow.  The  prob¬ 
lems  of  signal  propagation  and  inter¬ 
ference  are  discussed,  and  the  matter  of 
network  program  distribution  is  con¬ 
sidered.  A  short  introduction  is  given 
to  the  commercial  problems  in  television. 


Wide  Range  Oscillators 

A  BEAT-FREQUENCY  oscillator,  having  a 
frequency  range  from  5  to  1600  kc.,  and 
a  maximum  power  output  of  10  watts  is 
described  by  A.  C,  Hall,  under  the  title 
“A  Wide  Range  Beat  Frequency  Oscil¬ 
lator,”  in  the  January  issue  of  the 
Review  of  Scientific  Instruments.  The 
frequency-output  curve  of  this  amplifier 
shows  that  throughout  the  range  of  5  to 
1600  kc.,  the  output  variation  is  less 
than  J  of  1  db. 

The  constant  frequency  oscillator, 
which  is  of  the  electron  coupled  type, 
operates  at  8  me.,  and  the  variable  fre¬ 
quency  oscillator  covers  the  frequency 
range  from  8  to  9.6  me.  The  two  oscil¬ 
lators  are  coupled  directly  into  a  type 
956  acorn  pentode  frequency  converter 
and  the  resultant  mixed  voltage  is  am¬ 
plified  in  two  stages  of  amplification, 
the  output  stage  of  which  uses  two  6L6 
tubes. 

A  schematic  wiring  diagram  of  the 
oscillator,  together  with  circuit  con¬ 
stants  is  given,  and  an  analysis  is  given 
of  the  coupling  circuits  which  are  re- 
qured  to  produce  a  uniform  frequency- 
output  response  curve. 

Television  Image 

By  B.  Sheffield 

Television  researchers  find  themselves 
debating  several  burning  questions  re¬ 
garding  the  factors  which  determine  the 
acceptability  of  television  images.  Some 
of  the  major  problems  along  this  line 
are  discussed  from  the  points  of  view 
of  physics,  physiology  and  psychology, 
in  “The  Television  Image”  published  in 
Telefunken  Hausmitteilhingen  of  Sep- 
tem^r  1938  (Volume  19  No.  79,  pp. 
23-35).  In  this  paper.  Dr.  F.  Schroeter, 
the  author,  arrives  at  the  following  con¬ 
clusions: 

1.  From  the  points  of  view  of  psy¬ 
chology  and  esthetics,  absolute  image 
size  is  not  a  decisive  factor  in  com¬ 
bined  television  and  sound  broadcast  re¬ 
ception. 

2.  From  the  points  of  view  of  physics 
and  physiology,  home  television  screen 
dimensions,  for  a  441  line  interlaced 
image,  should  not  exceed  31  by  26  cm 
(12.4  X  10.4  in.) 

3.  At  present,  large,  and  particularly 
projected,  images  (441  lines  interlaced) 
are  of  value  only  in  large  rooms  and 
in  connection  with  proportionately  ex¬ 
tended  viewing  distances. 

4.  The  normal  contrast  range  in  mod¬ 
ern  television  tubes  satisfies  all  require¬ 
ments,  provided  that  stray  light  is  ex¬ 
cluded  from  the  vicinity  of  the  screen. 
Where  stray  light  interferes,  the  bright¬ 
ness  level  in  interlaced  images  is  limited 
by  flicker, 

5.  Normal  receiver  noise  levels  and 
the  necessity  of  maintaining  sharp  con¬ 
trast  in  the  received  images  demand 
that  small  light  amplitudes  are  ex¬ 
panded  at  the  transmitter  and  com¬ 
pressed  again  at  the  receiver, 

6.  In  rooms  with  interference  from 
the  lighting  system  the  most  satisfac¬ 
tory  tone  color  is  produced  by  screens 
which  fluoresce  with  strong  white  and 


ATOM  SMASHING  TUBE 


Dr.  Lloyd  P.  Smith,  professor  of  physics  at  Cornell  University,  shown 
with  a  vacuum  tube  six  inches  in  dienneter  and  eight  feet  long  designed 
for  studying  the  structure  of  the  otom.  The  tube  uses  ultra  high  fre¬ 
quency  radio  oscillations  to  accelerate  light  and  heavy  atoms  at  the 
target  at  one  end  of  the  tube  where  the  atomic  particles  are  dis¬ 
integrated. 
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some  blue.  A  purely  white  color,  and  a 
complete  contrast  range,  are  obtainable 
by  using  complementary  filters. 

7.  C!olored,  and  possibly  three  di¬ 
mensional,  reproduction  is  of  greatest 
value  at  present  in  television  pictures. 
Later  on  both  of  these  special  types  of 
images  may  gain  in  importance  in 
home  television  broadcasting  as  well. 

8.  Since  television  can  be  considered 
the  optical  counterpart  of  audio  broad¬ 
casting,  it  calls  for  high  fidelity  acousti¬ 
cal  reproduction  to  be  acceptable,  just 
as  the  success  of  sound  motion  pictures 
and  the  justification  for  their  existence 
as  an  entity  depend  upon  the  quality  of 
silent  motion  pictures  considered  by 
themselves. 

9.  Television  is  significant  primarily 
for  extending  ordinary  optical  limits  of 
rooms  and  thus  enabling  large  audi¬ 
ences  to  witness  distant  events  as  they 
are  taking  place.  Such  events  may  of 
course  consist  partly  of  film  showings, 
as  for  example  trailers  of  motion  pic¬ 
ture  premieres,  or  of  illustrated  lec¬ 
tures. 


AUDIO  FREQUENCY 
COMPONENTS 


AIR  INSULATED 

REcnna  componbos 


Thinking  About 

FILAMENT 

TRANSFORMERS? 


THE  “VODER”  SPEAKS 
FOR  ITSELF 


MANUALLY  OPERA1 
VOLTAGE  REGULAT4 


Filament  transformers  can  do  more  than 
provide  a  source  of  low  voltage  for  your 
tube  filaments — use  of  the  proper  type  for 
each  application  permits  slnriplifylng  tne  con¬ 
struction  of  your  apparatus,  improving  its  ap¬ 
pearance,  increasing  the  efficiency  and 
safety  factor  and  reducing  the  cost.  Investi¬ 
gate  the  possibilities  offered  by  AmerTran's 
new  line  which  contains  nearly  200  standard 
listings  for  popular  tubes  from  which  to  make 
a  selection.  (Conventional  types  for  all  tubes 
are  available  in  seven  different  test  voltage 
ratings.  The  line  also  includes  scott-connected 
units  for  three-phase  circuits  and  transformers 
with  the  tube  socket  mounted  on  the  high-volt¬ 
age  bushing  to  simplify  your  wiring.  All  types 
are  vacuum-varnish  impregnated  and  have 
compound-filled  mountings,  ceramic  terminals 
and  primary  taps.  May  we  send  Bulletin 
14-57 
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NOISE  TESTED 


I  At  slight  additional  cost,  resistors  will 
I  be  supplied  individually  "noise-tested'’ 

1  to  this  specification:  "For  the  complete 
I  audio  frequency  range,  resistors  shall 
I  have  less  noise  than  corresponds  to  1 
I  part  in  1,000,000.’’  (For  values  up  to 
I  10  megohms) 

S.  WHITE 

The  S.  S.  White  Dental  Mig.  Co. 

INDUSTRIAL  DIVISION 

E,  10  East  40th  St.,  New  York,  N.  Y’, 


CINAUDAGRAPH  CORPORATION 

STAMFORD,  CONNECTICUT 


Starting  Mercury 
Vapor  Tubes 

In  the  November  issue  of  the  Journal 
of  Applied  Physics,  Carl  Kenty  of  the 
General  Electric  Vapor  Lamp  Company, 
presents  a  paper,  “On  the  Starting:  of 
Hjj  Vapor  Discharge  Tubes,”  of  which 
the  following  is  the  author’s  summary. 

In  a  commercial  method  of  starting 
the  Cooper  Hewett  Hg  vapor  lamp,  a 
current  of  about  0.7  amp.  is  first  made 
to  flow  in  a  circuit  containing  an  in¬ 
ductance  and  a  mercury  vacuum  switch 
for  “shifter”.  This  shifter  is  then 
opened  magnetically  and  the  resulting 
arc  therein  is  unstable  and  begins  to  go 
out.  But  the  inductance  acts  to  keep  the 
current  flowing  and  develops  a  high 
voltage  which  is  impressed  as  a  nega¬ 
tive  kick  of  about  1,000  volts  in  the 
average  case  of  starting,  on  the  mer¬ 
cury  pool  cathode  of  the  main  tube. 
This  kick,  as  a  result  of  the  action  of 
a  strip  of  tinfoil  on  the  outside  of  the 
cathode  bulb  surrounding  the  mercury 
pool  edge  and  connected  to  the  main 
anode,  starts  the  arc.  The  whole  process 
results  in  the  transfer  of  nearly  the 
entire  current  from  the  shifter  arc  to 
the  main  arc  in  a  current  of  the  order 
of  a  few  microseconds.  The  initiation 
of  the  cathode  spot  is  attributed  to  the 


Schematic  wiring  diagram  of  circuit 
for  etarting  mercury  vapor  tubes. 

action  of  the  high  electric  field  at  the 
mercury  pool  edge  existing  between  this 
edge  and  the  tinfoil  on  the  outside  of 
the  glass.  In  accord  with  this  theory  is 
the  fact  that  anything  which  can  be 
done  to  cause  the  mercury  to  wet  the 
glass  at  the  pool  edge  at  a  number  of 
points  (thereby  increasing  the  field) 
such  as  by  baking  a  little  carborundum 
powder  on  the  glass  at  the  edge,  helps 
starting  enormously. 

If  the  anode  of  the  tube  is  discon¬ 
nected,  simple  electroscopes  show  that 
the  walls  of  the  tube  everywhere  be¬ 
come  charged  to  a  negative  potential  of 
the  order  of  10,000  volts  as  a  result  of 
the  kicks.  High  speed  electrons  are 
thus  evidently  shot  up  the  tube.  Ioniza¬ 
tion  produced  by  these  probably  forms 
the  beginning  of  the  positive  column. 
After  the  initiation,  the  current  in  the 
tube  rises  to  a  maximum  at  a  rate 
limited  by  the  inductance  in  the  cir¬ 
cuit  and  then  decreases  to  a  low  value 
sometimes  going  out  altogether.  This 
decrease  is  shown  to  be  due  to  an  ex 
treme  deficiency  of  mercury  vapor  in 
the  tube  caused  by  the  electrical  clean¬ 
up  of  mercury  on  the  walls.  Violent 
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voltaRe  surges  set  in  across  the  tube  at 
this  time  and  a  hissing  noise  is  heard. 
The  region  of  aggravated  low  pressure 
can  be  seen  as  glowing  weak  and  red¬ 
dish  compared  to  the  blue  white  of  the 
rest  of  the  tube.  This  appearance  van¬ 
ishes,  as  a  result  of  the  rising  vapor 
pressure  due  to  heating,  the  hi.ss  and 
surges  stop.  The  surge  period  may  en¬ 
dure  many  seconds  in  cold  weather  be¬ 
fore  the  arc  is  able  to  pick  up. 


Radio  Field  Intensity 
Measurements 

A  REPORT  on  the  attainable  accuracy  of 
radio  field  intensity  measurements  at 
radio  frequencies  below  and  within  the 
broadcast  band  is  given  in  a  joint  paper 
(in  the  December  issue  of  the  Bureau 
of  Standards  Journal  of  Research)  by 
Harry  Diamond  and  FI.  G.  Lapham  of 
the  Bureau,  and  K.  A.  Norton  of  the 
F'ederal  Communications  Commission. 
Accurate  measurement  of  the  intensity 
of  the  field  set  up  by  broadcast  stations 
is  essential  for  evaluating  their  service 
areas.  The  report  presents  an  analysis 
of  the  types  of  errors  encountered  in 
typical  commercial  field  intensity  meas¬ 
uring  sets,  and  gives  quantitative  data 
on  the  magnitudes  of  the  errors.  Based 
on  these  data  an  estimate  is  made  of 
the  overall  absolute  accuracy  of  com¬ 
mercial  equipment.  Before  applying 
correction  factors  for  the  several  errors, 
the  accuracy  of  measurement  may  be 
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Tranmmittinq  apparofut  ui»d  by  ata- 
tion  W9XYZ,  experimental  radio 
facaimile  broadcasting  station  oper¬ 
ated  by  the  St.  Louis  Post  Dispatch. 
The  first  radio  edition,  sent  to  IS 
members  of  the  station's  staff.  con> 
sisted  of  nine  pages  eight  and  one- 
half  inches  long  and  four  columns 
wide,  using  standard  newspaper  7 
point  type 


You  are  PAYING  for  these  finer  instruments 
a  a  a  wHy  not  HAVE  them? 


3"  Round.  Model 
23-5  lor  D.C.;  SS-S 
lor  A.C. 


3"  Rectangular. 
Modal  27.S  lor  D. 
C.;  57-5  lor  A.C. 


Simpson  Panel  instruments  give  you  those  first  essentials  of  a 
permanently  accurate  instrument  —  bridge-type  construction 
with  soft  iron  pole  pieces.  And  they  give  you  this  finer,  more 
costly  construction  at  prices  no  higher  than  you  may  be  paying 
for  ordinary  construction. 

This  unprecedented  value  is  founded  on  the  experience  of 
Ray  R.  Simpson,  formerly  president  of  lewell  Electric  Instrument 
Company,  and  a  staff  of  instru¬ 
ment-builders  who  have  beer  I  — 
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years.  Long  experience  and  mod¬ 
ern  methods  have  combined  to 
make  highest  quality  at  moderate 
prices  a  reality. 

Write  for  bulletin 

Ask  for  a  new  bulletin  describing 
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of  ranges  and  types.  These  liner 
instruments  are  also  the  basis  of 
the  advanced  line  of  Simpson  Test 
Equipment,  two  typical  models  of 
which  are  illustrated  opposite. 
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Use  SIMPSON 
Testing  Instruments 


Model 

202 


e  There  is  a  Simpson  Testing 
Instrument  for  every  need. 
The  Model  202  "Roto  Ranger", 
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no  better  than  about  20  per  cent.  After 
application  of  suitable  correction  fac¬ 
tors,  an  accuracy  of  5  per  cent  may  be 
attained. 

Factors  likely  to  lead  to  errors  in 
field  intensity  measurements  in  typical 
equipment  include:  (a)  incorrect  cali¬ 
brating  voltage;  (b)  non-linearity  of 
the  detector  and  of  the  output  indicator 
system;  (c)  incorrect  voltage-attenu¬ 
ator  design;  (d)  incorrect  balance  of 
the  loop  antenna;  (e)  stray  voltages  in¬ 
duced  in  the  loop  antenna  by  the  cali¬ 
brating  oscillator  or  from  other  por¬ 
tions  of  the  set;  (f)  regeneration  in 
various  portions  of  the  set;  (g)  distor¬ 
tion  of  the  field  by  the  set  container  or 
by  mounting  of  the  loop  antenna  on  an 
automobile;  and  (h)  the  difference  in 
effect  of  distributed  capacitance  of  the 
loop  antenna  upon  its  voltage  step-up 
for  the  distributed  field  voltage  and  for 
a  lumped  calibrating  voltage. 

The  distributed  capacitance  effect  ap¬ 
pears  to  have  been  given  scant  consider¬ 
ation  in  the  design  of  commercial  ap¬ 
paratus.  The  error  produced  is  a  func¬ 
tion  of  the  ratio  of  the  operating  fre¬ 
quency  to  the  natural  frequency  of  the 
loop  antenna.  In  some  commercial  sets 
in  which  the  loop  antenna  operates  near 
its  natural  frequency  to  reach  the 
upper  broadcast  frequencies,  this  error 
reaches  a  magnitude  of  15  per  cent. 
The  report  includes  a  theoretical  analy¬ 
sis  of  this  error  and  presents  deriv^ 
correction  factors  to  be  applied  in 
order  to  obtain  more  accurate  measure¬ 


ments.  The  correction  factor  is  shown 
to  be  a  function  of  the  current  distribu¬ 
tion  in  the  loop  antenna,  which  is,  in 
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Automatic  Grounding  Device 
Housed  in  "Safety  Socket" 

CO-OPERATING  with  l«odinq  aircraft  manufacturers  in  the  solu¬ 
tion  of  a  safety  problem,  the  Cannon  Company  has  Just 
doToloped  a  Coble  Connector  that  does  "double  duty"  for  safety's 
sake.  ParadoxicoUy,  the  Connector  is  always  operating  whether 
connected  or  disconnected.  To  put  it  simply,  the  receptacle  mechan¬ 
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Dsvsiossd  for  tils  srotoetlon  of  aviation  sroend  erovn  worUni  noar  sroeoHwa,  tho 
now  CANNON  owitehini  rsooptaeio  ia  aiaeod  in  the  aiainoto  eireeit  to  inoaro 


now  CANNON  owitehini  rsooptaeio  ia  aiaeod  in  the  nainoto  eireeit  to  inaaro 
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Tho  dovelepaiont  of  this  Connoetor  lllaatratsa  tho  hiihly  apoelalizod  aorvieo  offorod 
to  Caanon  ellonta.  Thsayh  doalinod  priaiarily  for  aviation,  the  new  Connoetor  ia 
adaptable  for  aiany  aaos  In  other  bolds.  Daaerlptlvo  Ballotin  now  avallablo.  Other 
Ballotina  Hat  over  1.000  Cable  Connoetor  bttinps  whieh  are  pro-sninont  in  tho 
bolds  of  Soand,  Asronaatioa,  Goophyaleal  Ressaieh,  Ship-Control  and  Laiboratory 
PansN. 

Please  specify  your  reguirements  when  requesting  Bulletins. 

CANNON  ELECTRIC  DEVELOPMENT  CO./^ 

if  420  UJest  Avenue  33.  Los  Anqeles.  Cal ifornlA  f 
if  iASTiRN  SALES  Off  ICC,  220  Fifth  Ave.,NeuiYorK,N.T.  I 


adtoi. 


CANNON 


At  thb  rocbnt  mobting  of  tho  AmorU 
can  Association  for  tho  Advanco- 
mont  of  Scionco,  Dr.  M.  A.  Tuvo. 
domonstratos  a  working  modol  of 
an  atomic-physics  obsorvotory  for 
carrying  on  rosoarch  at  tho  Cor- 
nogio  Institution. 


February  i 939  —  ELECTRONICS 


ASXgi^ 


turn,  a  function  of  the  distributed  ca¬ 
pacitance.  Four  assumptions  of  cur¬ 
rent  distribution  are  considered,  and 
corresponding  correction  factors  are  de¬ 
rived.  The  factor  derived  on  the  basis 
of  elliptical  current  distribution  is 
shown  to  have  better  basis  in  theory, 
and  agrees  closely  with  experimental 
measurements. 

Finally,  several  means  are  described 
for  eliminating  or  limiting  the  dis¬ 
tributed  capacitance  error  by  special 
design  of  the  set.  These  include  the  use 
of  the  condenser-variation  method  for 
measuring  the  voltage  step-up  of  the 
loop  antenna,  the  use  of  an  untuned 
loop  antenna  wherein  no  voltage  step- 
up  is  involved,  the  use  of  a  shielded 
loop  antenna  having  an  unbalanced  cur¬ 
rent  distribution,  the  deliberate  unbal¬ 
ance  of  the  two  halves  of  the  loop  an¬ 
tenna  for  covering  the  broadcast  band 
so  that  no  antenna  operates  near  its 
natural  frequency. 

Included  in  the  report  is  a  discussion 
of  the  precautions  necessary  in  obtain¬ 
ing  accurate  field  intensity  measure¬ 
ments  when  the  measuring  set  is  in¬ 
stalled  in  an  automobile,  a  practice 
adopted  by  many  engineers. 
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Combina¬ 
tion  Tones  in  Non-Linear  Distance”  by 
Frank  Massa  in  the  September  issue  of 
Electronics,  we  have  received  from 
Thomas  C.  McFarland,  associate  pro¬ 
fessor  of  electrical  engineering  at  the 
University  of  California,  a  pamphlet 
dealing  with  similar  trigonometric  ex¬ 
pansions.  This  pamphlet,  “Table  for 
Power  Series  Calculations  Involving  In¬ 
dependent  Variables  of  Two  Harmonic 
Components”  is  available  from  the  Uni¬ 
versity  of  California  Press,  Berkeley, 
Calif.  In  these  tables,  the  power  series 
is  carried  out  to  the  thirteenth  power 
and  charts  have  been  devised  whereby 
the  expansion  may  be  carried  out  to  any 
desired  degree. 
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As  HAS  BEEN  reported  in  Electronics, 
the  Institution  of  Radio  Engineers 
(Australia)  organized  a  world  radio 
convention  in  Sydney  from  April  4  to 
April  14,  during  which  technical  papers 
were  presented  by  well  known  scientists, 
engineers  and  executives.  More  than 
fifty  papers  were  delivered  at  or  were 
contributed  to  the  convention,  covering 
a  wide  range  of  subjects. 

A  limited  number  of  bound  volumes 
of  the  proceedings  of  this  convention 
has  been  made  available  for  engineers 
who  desire  a  complete  technical  file 
of  the  meetings  held  in  Sydney.  Com¬ 
munications  should  be  addressed  to 
O.  F.  Mingay,  General  Secretary,  30 
Carrington  St.,  Sydney,  Australia. 
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THE  INDUSTRY  IN  REVIEW 


A  New  Unidirectional.  Microphone 

By  BENJAMIN  BAUMZWEIGER 

Dcrelopincnt  Engineer,  Shure  Broth)  ri) 


Annoying  effects  of  reverberation 
and  background  noise,  which  are 
almost  invariably  present  in  micro¬ 
phone  setups  may  be  greatly  minimized, 
if  not  entirely  eliminated,  with  a  micro¬ 
phone  sensitive  only  in  the  direction  of 
the  desired  sounds  and  relatively  in¬ 
sensitive  in  other  directions.  The  im¬ 
portance  attached  to  directional  prop¬ 
erties  of  microphones  even  in  the  early 
days  of  broadcasting  and  public  ad¬ 
dress  is  evident  in  many  attempts  to 
use  various  kinds  of  reflectors  and 
baffles  to  increase  directional  discrimi¬ 
nation.  Correctly  designed  microphone 
baffles  are  capable  of  producing  some 
useful  high-frequency  directivity.  How¬ 
ever  true  unidirectional  operation  is  un¬ 
obtainable  by  such  means  inasmuch  as 
diffraction  effects  become  pronounced 
only  at  wavelengths  considerably 
smaller  than  the  important  dimensions 
of  the  obstacles.  The  inability  of  such 
devices  to  cope  effectively  with  the  ma¬ 
jority  of  microphone  pickup  problems 
becomes  evident  if  it  is  remembered 
that  the  bulk  of  the  acoustical  energy 
is  transmitted  in  the  frequency  range 
below  1000  cps. 

True  unidirectional  operation  can  be 
obtained  with  a  combination  of  a  pres¬ 
sure-type  microphone  and  a  velocity- 


type  microphone.  This  is  analogous  to 
the  well-known  unidirectional  antenna 
array  consisting  of  a  vertical  element 
and  a  loop.  The  voltage  in  a  pressure- 
type  microphone  is  independent  of  the 
direction  of  incidence  of  .sound,  while 
that  of  the  velocity-type  microphone  re¬ 
verses  with  the  reversal  of  incidence. 
Outputs  of  the  individual  units  there¬ 
fore  add  for  sounds  arriving  from  the 
front  and  subtract  for  sounds  arriving 
from  the  rear.  Through  careful  design, 
substantial  output  cancellation  is  ob¬ 
tained  for  rear  sounds  throughout  prac¬ 
tically  all  of  the  acoustical  frequency 
spectrum. 

This  procedure,  although  simple  and 
straight-forward  theoretically,  has  a 
number  of  practical  drawbacks.  The 
frequency  response  curves  as  well  as 
the  phase  positions  of  the  individual 
voltages  must  closely  correspond  in 
order  to  obtain  an  acceptable  front-to- 
rear  discrimination  at  all  the  important 
frequencies.  The  correspondence  re¬ 
quired,  in  view  of  difference  in  operat¬ 
ing  principle  of  the  units,  necessitates 
elaborate  and  expensive  selective  pro¬ 
cesses  to  achieve  proper  matching  of 
the  units,  which  naturally  is  reflected 
in  the  high  prices  which  such  micro¬ 
phones  command. 


Fiq.  1 — Cross  sectional  view  oi  the 
new  Shure  Brothers  microphone, 
showing  the  essential  component 
parts.  This  is  a  crystal-type  unit 

A  new  principle  of  unidirectional 
operation  employing  only  one  micro¬ 
phone  unit  was  developed  some  time 
ago  in  the  Shure  laboratories,  and  has 
been  embodied  in  the  Model  730A  “Uni- 


Fig.  2a  (above)  and  Fig.  2b — Man¬ 
ner  in  which  unidirectional  micro¬ 
phone  action  is  attained 
Fig.  3 — Ccadioid-shaped  directivity 
pattern  oi  the  "uniphase"  mike, 
given  for  several  audio-irequency 
values 

plex”  Unidirectional  Crystal  Micro¬ 
phone.  The  new  unit  achieves  uni¬ 
directional  operation  through  the  use 
of  phase-shifting  acoustical  networks 
coupled  to  a  diaphragm-type  crystal 
element.  The  simplified  structure  ob¬ 
tained  this  way  obviously  has  a  number 
of  technical  advantages  arising  from 
the  purely  acoustical  nature  of  the  sys¬ 
tem.  A  cross-sectional  view  of  the  uni¬ 
directional  mechanism  is  shown  in  Fig. 
1  illustrating  the  essential  component 
(Continued  on  page  78) 
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News 


Dr.  S.  J.  Begun  has  joined  the  enpi- 
neerinp  staff  at  The  Brush  Development 
Co.,  Cleveland,  O.  He  was  formerly 
connected  with  Acoustic  Consultants, 
Inc.,  and  with  Guided  Radio  Co.,  New 
York  City  .  .  .  Roller-Smith  Co.,  New 
York  City  announce  the  consolidation 
of  its  executive  offices  with  its  Works 
at  Bethlehem,  Pa.,  where  all  activities 
of  the  Company  will  be  concentrated  . . . 
H.  E.  LeRoy,  RCA  Victor,  has  been  ap¬ 
pointed  Manager  of  the  Company’s  re¬ 
organized  Special  Apparatus  Mfg.  Div., 
A.  L.  Piper  becomes  executive  assistant 
to  the  Vice  President  in  charge  of  En¬ 
gineering  and  Research,  and  H.  C.  Shep¬ 
ard  heads  the  Standardization  Dept. . . . 
Cinema  Engineering  Co.,  has  moved 
from  Hollywood  to  Burbank,  Cal.,  where 
they  will  have  new  and  larger  quarters 
.  .  .  E.  W.  Seeger  is  now  Chief  Engi¬ 
neer  and  P.  B.  Harwood  is  Assistant 
Chief  Engineer  of  Cutler-Hammer  Inc., 
Milwaukee,  W’is.  Both  men  are  holders 
of  numerous  patents  and  inventions 
dealing  with  electric  motor  control  ,  .  . 
A  complete  standard  line  of  transform¬ 
ers  and  other  equipment  of  Robert  M. 
Hadley  Company  is  being  put  into  pro¬ 
duction  at  their  new  plant  in  Newark, 
Delaware,  thereby  expanding  their  serv¬ 
ice  in  the  Ea.st  .  .  .  Edward  Waller- 
stein,  formerly  sales  manager  of  RCA- 
Victor,  has  been  appointed  President  of 
American  Record  Corp.,  a  subsidiary  of 
CBS  .  .  .  Franklin  Clark,  formerly 
with  Westinghouse,  now  is  Assistant 
Electrical  Engineer  for  the  Duro-Test 
Corp.  of  N.  Bergen,  N.  J.,  where  he  is 
developing  the  Company’s  new  “screw- 
socket”  fluorescent  lamp  .  .  .  Duro- 
Test  Corp.,  announced  a  stock  dividend 
equal  to  4%  was  declared  payable  on 
March  1st  to  stockholders  of  record... 
United  Transformer  Corp.  has  moved 
to  new  and  larger  quarters  at  150 
Varick  St.,  New  York  City  .  .  .  RCA 
is  planning  to  revise  its  exhibition  plans 
at  the  Fair  in  order  to  increase  the  scope 
and  effectiveness  of  the  television  pre¬ 
sentation  .  .  .  Presto  Recording  Corp., 
has  moved  offices  and  equipment  manu¬ 
facturing  plant  to  242  W.  55th  St.,  New 
York  City. 


Literature 


Straight  Facts  About  Television.  Con¬ 
tained  in  “A  Miracle  Begins”  by  Dr. 
W.  R.  G.  Baker,  General  Electric  Co., 
570  Lexington  Ave.,  New  York  City. 

Tube  Manual.  1939  Catalog  &  Manual 
lists  new  transmitters  and  circuits,  tech¬ 
nical  information,  and  tubes,  of  Taylor 
Tubes,  Inc.,  2341-43  Wabansia  Ave., 
Chicago,  Ill. 

Radio  Noise  Data.  “Filterette  Catalog” 
describes  products  for  noise  elimination. 
Tobe  Deutschmann  Corp.,  Canton,  Mass. 


Steel  Panels.  Industrial  Ovens,  Dryers 
and  Casings  also  described  in  bulletins 
of  Falstrom  Co.,  Passaic,  N.  J. 

Coaxial  Cables.  Complete  information 
including  characteristics.  Transducer 
Corp.,  30  Rockefeller  Plaza,  New  York 
City. 

Transmitter  Components.  Apparatus  for 
high  voltage  rectifiers.  Prices  and  data 
listed.  American  Transformer  Co.,  178 
Emmet  St.,  Newark,  N.  J. 

4  in.  Square  Instruments.  Catalog  48-a 
describes  ammeters,  milliammeters, 
microammeters,  voltmeters,  single  and 
polyphase  wattmeters,  and  pyrometers. 
Roller-Smith  Co.,  Bethlehem,  Pa. 

Ignitron  Tubes.  Described  in  “Informa¬ 
tion  Bulletin”  No.  17.  Westinghouse 
Elec.  &  Mfg.  Co.,  Lamp  Division,  Bloom¬ 
field,  N.  J. 

Auto  Antennas.  New  1939  models  de¬ 
scribed  in  one-page  bulletin.  Form  4095. 
RCA  Mfg.  Co.,  Camden,  N.  J. 

House  Organ.  “G-M  Comments”  in¬ 
cludes  information  on  galvanometers, 
phototubes,  power  supply  units,  and 
rheostats.  G-M  Labs.,  Inc.,  1733  Bel¬ 
mont  Ave.,  Chicago,  Ill. 


New  Products 


New  Tubes 

Hygrade  Sylvania  Corp.,  500  Fifth 
Ave.,  New  York  City,  announce  receiv¬ 
ing  tubes  as  follows:  Types  884  and 
885,  gas  triode  hot-cathode  control-grid 
types;  Types  1852  and  1853,  television 
amplifier  pentodes. 

RCA  Mfg.  Co.,  Harrison,  N.  J.,  an¬ 
nounced  two  new  cathode-ray  tubes, 
1803-P4  kinescope  (12  in.)  and  1804-P4 
kinescope  (9  in.)  both  electromagnetic- 
deflection  types  with  white  phosphor. 
2V3G,  high  voltage  half-wave  rectifier. 
Other  tubes  are  new  Acorn  types:  957, 
detector,  amplifier,  oscillator;  958,  A-F 
amplifier,  oscillator;  and  959,  detector, 
amplifier  pentode. 

Arcturus  Radio  Tube  Co.,  Newark, 
N.  J.,  have  several  new  tube  types: 
Type  2Y2,  and  Type  5X3  are  half-wave, 
high-vacuum  rectifiers;  6AD5G  high  mu 
triode  designed  for  a  high  vacuum 
sweep  oscillator  or  amplifier;  and  Type 
6R6(i  remote  cut-off  pentode  amplifier. 


Test  Equipment 

Three  new  products  have  been  an¬ 
nounced  by  Radio  City  Products,  Inc., 
88  Park  Place,  New  York  City:  A 
combination  tube  and  set  tester.  Models 
800  and  800-A,  which  measures  d-c  and 
a-c  voltage  and  current,  ohms,  decibels, 
and  condenser  leakage;  a  universal 
multi-tester.  Model  409-A,  which  meas¬ 
ures  ohms,  amperes,  and  volts;  and  a 
signal  generator  for  servicemen’s 
needs. 


Electronic  Relay 

An  ultra-sensitive  electronic  relay. 
Type  850,  of  Advance  Electric  Co.,  1260 
W.  2nd  St.,  Los  Angeles,  Cal.,  has  a 
contact  combination  of  single  pole,  dou¬ 
ble  throw,  single  break,  using  silver 
contacts  rated  at  1.5  amps,  110  volts. 
The  relay  will  operate  on  14  milliw’atts, 
and  by  close  adjustment  on  4  milliwatts. 
A  desirable  feature  is  an  easily  acces¬ 
sible  adjustment  screw  which  makes 
possible  an  adjustment  whereby  the  re¬ 
lay  will  fall  out  of  contact  at  30'' ^  less 
voltage  than  that  required  to  make  con¬ 
tact. 


Also  announced  is  Type  900  impulse 
relay  which  entirely  eliminates  the  ne¬ 
cessity  for  placing  coils  in  continuous 
operation.  The  pawl,  mounted  on  an 
armature,  is  actuated  by  a  momentary 
electrical  impulse  and  in  the  downward 
stroke  of  the  armature,  it  engages  the 
ratchet,  moving  the  cams  one  position 
on  each  impulse.  Contacts  have  a  max¬ 
imum  carrying  capacity  of  30  amps  at 
6  volts  and  10  amps  at  115  volts  on 
non-inductive  loads.  Multiple  switch 
combinations  and  coils  are  available  for 
either  a-c  or  d-c. 

Hearing  Aid 

A  VACUUM  TUBE  Unit  which  is  compact, 
simple,  and  light  is  the  new  device 
“Otophone”  of  Otophone  Inc.,  152  W. 
Wisconsin  Ave.,  Milwaukee,  Wis.  It 
operates  on  IJ  volts  flash  light  battery 
with  a  total  drain  of  180  ma  and  45 
volts  B  with  0.2  ma  drain  and  a  net  out¬ 
put  of  60  db.  It  has  good  frequency 
response  and  is  non-directional. 

Mobile  Unit 

Mounted  upon  three  separate  chassis 
which  plug-in  to  mechanical  fastenings 
in  a  shockmounted  weatherproof  case 
are  a  15  watt  crystal  controlled  trans¬ 
mitter  and  a  noise  suppressed  super¬ 
heterodyne  receiver,  and  a  receiver 
power  supply.  Plug-in  connecting  ca¬ 
bles  permit  the  changing  of  either 
chassis,  without  tools.  The  line  con¬ 
sists  of  15,  50,  100,  250,  and  500  watt 
stations  for  police,  fire  and  forestry 
communication  with  mobile  units.  Radio 
Engineering  Labs.,  35-54  36th  St.,  Long 
Island  City,  N.  Y. 
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High  Fidelity  Receiver  for  Local  Reception 


6K7  RF3 'No  ind  coup-,  RP4  Phono  radio 
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Circuit  diagram,  and  charactoristics,  of  the  Pacent  local 
receWer  deigned  for  wide-bomd  reception.  It  will  be  eold 
complete  or  In  knock-down  kit  etyle  for  home  or  shop  con¬ 
struction.  In  the  insets  wiU  be  noted  on  upper  right  the 
sensitiTity  in  input  required  for  one-half  watt  output,  and  be¬ 
low.  gain  in  db.  second  r-f  grid  to  the  diode  plates.  On  the 
left  ore,  oboee.  the  electric  fidelity  from  antenna  to  6-ohm 


load,  and  below  the  electric  fidelity  from  the  phonograph 
input  to  the  6-ohm  load.  In  both  curres,  the  "H**  line  repre¬ 
sents  both  high  and  low  compensation  controls  at  maximum; 
"1"  curre  represents  tone  controls  at  minimum.  The  tuning 
mechanism  is  connected  to  the  amplifier  and  power  supply 
by  a  25-it  cable  through  which  all  tone,  Tolume,  tuning  control 
wires  pass  making  the  unit  remotely  controlled 


ON  THE  theses  that  (1)  a  special 
receiver  is  required  to  produce  sig¬ 
nals  satisfactorily  from  distant  sta¬ 
tions;  (2)  a  special  receiver  is  required 
to  produce  high  fidelity  sig^nals  from 
any  station;  (3)  a  receiver  which  is 
both  high  fidelity  and  a  good  distance 
getter  will  be  quite  expensive,  Pacent 
Engfineering  Company,  New  York  City, 
has  developed  an  inexpensive  ($125 
list)  receiver  primarily  for  high  fidelity 
reception  from  fairly  strong  local  sta¬ 
tions. 

This  receiver  will  be  sold  complete, 
or  as  a  kit  which  the  user  or  service 
man  may  put  together. 

It  is  a  t-r-f  circuit  with  just  enough 
selectivity  to  avoid  interference  in  areas 
like  that  in  New  York  City  and  an 
acceptance  characteristic  such  that  fre¬ 
quencies  off  resonance  by  8  kc  will  not  be 
down  more  than  can  be  compensated  in 
the  a-f  network.  The  r-f  gain  is  suffi¬ 


cient,  to  bring  in  near-by  stations  and 
there  is  enough  a-v-c  to  prevent  blasting 
when  tuning  from  one  station  to  an¬ 
other.  The  a-f  amplifier  has  sufficient 
output  for  home  use;  and  the  high-low 
and  middle  frequencies  may  be  adjusted 
separately  and  over  a  wide  amplitude 
range.  The  entire  characteristic  (in¬ 
cluding  the  loud  speaker  and  enclosure) 
does  not  vary  more  than  10  db  over  the 
range  40  to  8000  cycles. 

The  set  is  built  in  two  parts,  the  tun¬ 
ing  mechanism  and  the  amplifier.  They 
are  connected  together  by  25  ft.  of  flat 
strap  cable.  The  tuner  is  small  (8x6x4 
in.  over  knobs)  and  contains  all  con¬ 
trols  including  bass  and  treble.  The 
amplifier  may  be  installed  out  of  sight 
and  although  there  are  recommended 
dimensions  of  loud  speaker  cabinet  the 
speaker  may  be  installed  in  the  wall,  in 
a  door  or  in  any  other  place  where  suffi¬ 
cient  baffle  area  is  provided.  The  speaker 


is  a  Cinaudagraph  HY12-12  PM. 

As  may  'be  seen  from  the  circuit  dia¬ 
gram,  there  are  two  r-f  stages.  After 
a  conventional  antenna  stage,  the  r-f 
stages  are  connected  by  a  band  pass 
type  of  coupling  in  which  the  plate  is 
inductively  coupled  to  the  first  tuned 
circuit  which  is  coupled  to  the  second 
circuit  by  capacitance  only.  The  second 
stage  connects  to  the  diode  detector  via 
an  untuned  transformer.  Separate  am¬ 
plifier  elements  are  provided  for  the 
bass,  the  middle  tones  and  the  treble.  A 
maximum  bass  boost  of  about  18  db  and 
a  treble  boost  of  14  db  are  provided. 
The  output  tubes  are  push-pull  6A3’s 
and  deliver  10  watts  to  the  voice  coil  of 
the  speaker.  One  set  of  triode  ele¬ 
ments  in  a  6C8G  tube  is  used  to  reduce 
the  impedance  of  a  crystal  phono 
pick-up  to  a  value  suitable  for  use  on 
the  line  to  the  tuner.  Nine  tubes  ifi  all 
are  required  for  the  receiver.  '*■ 
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FACILITIES  for  SPECIAL 


\«>pLer/ 

P/ucUwn  * 

ELECTRICAL  INSTRUMENTS 


Dual-Diversity  Receiver 

Two  IDENTICAL  RECEIVERS  on  the  Same 
chassis,  are  gang-tuned  for  single  con¬ 
trol  and  utilize  a  single  r-f  oscillator 
for  both  channels  resulting  in  higher 
average  level  signal.  The  avc  systems 
of  the  two  channels  are  interconnected 
so  that  when  one  signal  fades  badly 
in  one  channel  the  other  takes  control 
of  both.  A  3  position  switch  permits 
either  channel  to  be  used  alone,  or  the 
two  in  combination.  Continuous  cov¬ 
erage  from  540  kc  to  46  Me  is  pro¬ 
vided  in  six  bands  selected  by  push¬ 
button.  , 


of  Eloetrieal  Instrumonts 
of  vory 

MODERATE  COST 


Table  type  transmitter.  Model  HT-1 
is  self-contained  and  provides  3  band, 
crystal  controlled  operation  with  a 
carrier  power  of  100  watts  on  cw  and 
50  watts  on  ’phone.  A  band-change 
switch  provides  complete,  instant 
changeover.  Products  are  of  Hallicraft- 
ers,  Inc.,  2611  S.  Indiana  Ave.,  Chi¬ 
cago,  Ill. 


.^Special  Twin:  separate  3" 
D.C.  ammeter  and  3"  D.C. 
voltmeter  with  special  range 
requirements  assembled  in 
strong  molded  ease.  External 
jack  connection. 

Industrial  and  engineering  require¬ 
ments  continually  call  for  special  ap¬ 
plications  of  electrical  measuring  in¬ 
struments  if  greatest  efficiency  is  to  be 
obtained  in  laboratory,  shop  or  field 
use. 

Frequently,  too,  a  rearrangement  of  the 
panel  is  the  easiest  and  least  costly  way 
to  bring  the  appearance  of  a  tester  or 
machine  model  up-to-date. 

Triplett  is  equipped  to  give  any  kind  of 
service  in  electrical  measuring  instru¬ 
ments  quickly  and  economically.  The 
wide  Triplett  line  in  instruments,  cases, 
molds  and  tools  and  dies  may  offer  you 
a  solution  at  a  fraction  of  your  estimate 
of  costs.  Our  engineers  are  men  of 
long  specialized  training  and  experi¬ 
ence,  and  they  will  be  glad  to  work 
out  your  individual  applications  and 
designs.  Why  not  write  us? 

Triplett  manufactures  a  complete  line 
of  electrical  measuring  instruments  em¬ 
bracing  round,  square,  rectangular; 
molded  and  metal  cases  and  twin 
meters  for  radio,  electrical  and  general 
industrial  applications. 


The  ultimate  in  Radiation 

WILBUR  B.  DRIVER  CO. 

NEWARK,  NEW  JERSEY 


Microtrol  Relay 

Housed  in  a  weatherproof  case,  auto¬ 
matic,  ultra-sensitive  controller,  self- 
contained,  Model  705  input  relay,  will 
operate  on  values  from  2  microamps  up 
and  from  0.5  millivolt  up.  The  power 
relay  contacts  will  handle  5  amps  at  110 
volts  a-c  non-inductive.  Weston  Elec¬ 
trical  Instrument  Corp.,  Newark,  N.  J., 
designed  it  for  door  opening,  smoke 
alarms,  temperature  control,  etc. 


PLUGS  — SOCKETS 

TERMINAL  PANELS,  ETC. 


Buttery  Eliminator 

Specially  designfj)  for  use  with  farm 
radio  and  low-power  transmitters, 
Model  J,  an  A-B  power  supply,  oper¬ 
ates  on  any  6  volt  storage  battery,  wind 
charger,  etc.  It  provides  IJ  or  2  volt 
“A”  power  and  “B”  voltages  of  45,  67, 
90,  135,  and  180  volts  at  40  ma.  It  is 
operated  directly  and  automatically  by 
the  radio  receiver  switch.  Electro  Prod¬ 
ucts  Labs.,  549  W'.  Randolph  St.,  Chi¬ 
cago. 


Portable  Lamp  Grip 

“Snap-Gripp”  developed  by  Safeguard 
Electric  Co.,  1  DeKalb  Ave.,  Brooklyn, 
N.  Y.,  is  a  metal  lamp  guard.  Two 
halves  of  a  cage  are  held  together  by 
snapping  the  ends  of  two  semi-circular 
bands  which  form  the  lower  construc¬ 
tion  of  the  metal  cage.  Two  sizes  avail¬ 
able,  up  to  60  watts  and  up  to  100 
watts. 


HUNDREDS  OP  STANDARD  ITEMS 
OR  SPECIALS  TO  YOUR  ILUE- 
PRINTS. 

WRITE  FOR  lULtfTINS. 

nOWARD  B.  joms 

2S00  Wabansia  Avenae 
CmCACO  ILL. 


The  Trivlatt  Electrical  Inatruaiant  Ca. 
232  Haraion  Ava.,  Bliittton,  Ohio 

Please  send  me  more  Information  on 
G  Special  Twin;  □  Send  Catalog 


Name 


Address 
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WTAM  Gets  Aluminum  Gas-filled  Coaxial  Transmission  Line 


N«w  tins  connecting  tronunitter 
with  tuning  house  at  base  of  an¬ 
tenna.  Below,  crew  at  installahon. 
James  McGowan.  Richard  Marshall. 
Charles  Braglio  of  the  Aluminum 
Co.  of  America:  WilUom  S.  Duttera 
of  NBC;  C.  K.  Strousbough  of  Roy- 
bould  Coupling  Co.;  Richard  Gour- 
I07.  Aluminum  Co.,  and  H.  G.  Beebe. 

Isolantite  Inc. 


The  first  commercial  application 
ever  made  of  aluminum  for  gas 
filled  coaxial  cable  is  the  new  antenna 
transmission  line  just  completed  at 
NBC’s  broadcasting  station,  WTAM,  in 
Cleveland.  This  new  type  aluminum 
cable  was  installed  in  connection  with 
WTAM’s  new  470-foot  vertical  radiator 
which  is  expected  to  increase  the  sta¬ 
tion’s  coverage  and  insure  much  greater 
audibility  over  a  forty  per  cent  larger 
area  in  northern  Ohio.'' 
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Aluminum  Tubing  Used  as  Conductor 

Use  of  aluminum  tubing  in  place  of 
copper  in  gas-filled  coaxial  transmission 
lines  represents  a  radically  new  depar¬ 
ture  in  radio  practice.  According  to 
Isolantite  Inc.,  who  developed  the  new 
line  in  collaboration  with  engineers  of 
the  Aluminum  Company  of  America, 
aluminum  effects  marked  savings  in 
weight  and  cost  without  any  sacrifice  of 
necessary  electrical  properties.  The 
new  line  is  strong  and  rugged,  and  is 
comparable  with  copper  in  corrosion  re¬ 
sistance  and  life  factor. 

An  interesting  feature,  unique  in 
electrical  applications  of  aluminum,  is 
that  the  tubing  used  is  of  approximately 
the  same  dimensions  as  the  copper  re¬ 
quired  for  the  same  service.  In  most 
electrical  applications  it  is  necessary  to 
increase  the  area  of  the  aluminum  in 
inverse  ratio  to  the  conductivities  of  the 
two  metals,  to  obtain  the  same  total 
resistance.  This  necessity  does  not  arise 
in  coaxial  line  because  of  the  high  fre¬ 
quencies  at  which  the  line  is  used.  Here 
the  impedance  is  the  important  factor 
rather  than  the  resistance,  and  at  the 
frequencies  employed  the  impedance  is 
composed  of  a  large  reactance  vector 
and  a  comparatively  small  resistance 
vector.  An  increase  in  the  resistance 
therefore  has  only  a  negligible  effect  on 
the  total  impedance. 

New  Type  Gas  Tight  Connectors 

Coincidentally  with  the  development 
of  the  aluminum  cable,  Isolantite  an¬ 
nounced  the  use  of  a  new  connector 
which  eliminates  all  need  for  soldered 


joints,  simplifying  the  installation  of 
the  line.  The  connector  permits  the 
forming  of  gas-tight  joints  of  high  ten¬ 
sile  strength  by  a  simple  process  of 
tightening  bolts. 

In  this  connector  the  pressure  neces¬ 
sary  to  maintain  a  tight  seal  is  ap¬ 
plied  axially,  the  bolts  being  parallel 
to  the  tubing,  and  is  converted  into 
radial  pressure  on  the  engaging  mem¬ 
bers.  When  the  bolts  are  tightened, 
tapered  surfaces  exert  upon  a  compres¬ 
sible  member,  such  as  rubber,  pressures 
so  high  as  to  establish  a  fluid  pressure 
relationship.  This  fluid  pressure  is 
transmitted  to  metal  bands  which  engage 
the  ends  of  the  tube  sections,  and  which 


are  of  non-flowing  characteristics  at 
the  pressures  encountered.  The  metal 
bands  are  slotted  to  permit  engagement 
with  the  tube  walls.  Because  the  rub¬ 
ber  acts  as  a  fluid,  practically  all  the 
pressure  is  transmitted  to  the  metal 
bands;  and  is  evenly  distributed  to  give 
the  fullest  degree  of  engagement.  The 
rubber  also  serves  to  form  a  seal  at  any 
point  at  which  the  bands  are  not  in 
complete  engagement.  This  method  of 
connection  gives  a  joint  of  higher  ten¬ 
sile  strength  than  is  possible  where  rub¬ 
ber  is  used  directly  as  the  engaging 
medium.  The  metal  bands  engage  with 
the  tubing  to  form  a  circuit  of  very  low 
resistivity. 


Speak-O-Phone 

Model  1-50  of  Speak-O-Phone  Record- 
inp:  and  Equipment  Co.,  23  W.  60th  St., 
New  York  City,  is  compact  and  portable 
(weiprhing  34  lbs.)  and  can  serve  as  an 
electric  phonograph  or  as  a  PA  system 
for  broadcasting  voice  or  music  through 
a  microphone;  a  collapsible  stand  which 
can  be  used  as  floor  stand,  desk,  or  for 
banquet  purposes;  the  amplifler  has  3 
stages  with  a  response  of  from  100  to 
10,000  cycles,  an  output  of  4  watts; 
meter  for  monitoring  volume  level;  dual 
volume  control  switch  for  controlling 
volume  of  recording  and  playback;  an 
outer  rim  drive  adjustable  tension  motor 
with  constant  speed  at  78  rpm  for  re¬ 
cording  from  outside  in,  operating  on 
110  volts  a-c.  A  permanent  diamond 
cutting  needle  is  provided  for  alumi¬ 
num  di.scs. 


A-C  Relay 

Type  “A”  sensitive  and  control  relays 
of  C.  P.  Clare  &  Co.,  Lawrence  &  La- 
mon  Aves.,  Chicago,  incorporate  the 
following  features:  low  loss  magnetic 
circuit,  quick  acting,  no  “contact 
bounce”,  quiet  operation,  numerous  con¬ 
tact  arrangements,  long  life,  and  low 


current  consumption.  Contacts  (welded 
to  the  springs)  are  available  in  silver, 
palladium,  platinum-iridium,  and  tung¬ 
sten,  and  may  be  had  in  sizes  up  to  A 
ins.  in  diameter.  Literature  is  avail¬ 
able. 


O^eillogrupli  Wobhulator 

Model  830  is  a  3  in.  cathode-ray  unit 
with  a  built-in  frequency-modulated 
1000  kc  o.scillator  announced  by  the 
Triumph  Mfg.  Co.,  4017  W.  Lake  St., 
Chicago.  Alignment  of  t-r-f  circuits 
is  obtained  by  the  resonance  curve 
method  and  over-all  analysis  of  a-f  am¬ 
plifiers  by  generating  a  signal  which 
changes  in  frequency  from  0  to  10,000 
cycles,  60  times  per  sec.;  the  resulting 
pattern  on  the  oscillograph  shows  the 
amplitude  characteristic  of  the  audio 
amplifier  under  test.  A-f  response  of 
amplifiers  or  audio  coupling  units  may 
be  instantaneously  tested  over  any  band 
of  frequencies  between  0  and  25,000 
cycles.  The  unit  is  small  (weighs  22} 
lbs.).  A  thyratron  sawtoothed  sweep 
circuit  provides  a  continuous  range  of 
7  to  30,000  cycles  while  a  6SJ7  amplifier 
tube  will  achieve  an  input  sensitivity 
of  0.4  volts  RMS  per  inch. 

Also  announced  is  a  new  tube  tester. 
Model  430-LX,  which  tests  the  new  7 
and  35  volt  tubes  and  pilot  lights. 


GOOD  CAPACITORS  ar*  fabri¬ 
cated  from  such  ingredients  as 
"long  experience."  "guality 
materials,"  and  "the  integrity 
of  the  maker."  Much  could  be 
said  about  any  one  oi  these 
"components"  as  it  is  found  in 
C-D  capacitors.  Comell-Dubilier 
prefers  to  let  one  word — "DE:- 
PENDABLE" — do  the  talking. 
For  in  the  radio  and  electrical 
industries,  C-D  has  come  to 
mean  "Capacitor  DependabiUty." 
So  long  as  C-D  appears  on  the 
capacitor  you  buy.  you  can  be 
sure  the  trital  ingredients  are 
there— in  good  measure. 

For  complete  description  of  the 
entire  C-D  capacitor  line,  write 
for  Cat.  No.  160. 


CAPACITORS 


FOR  EVERT  RADIO 
AND  ELECTRICAL  USE 


Type  TLA  Oykanol  Filter  Ca- 
pacitators  arailable  in  a  wide 
capacity  range  at  600,  1000  and 
1500  VJ),C. 


CORNELL  -  DUBILIER 


ELECTRIC  CORPORATION 

South  Plainiield,  New  Jersey 


CETRON  PHOTOCELLS 

Set  a  Standard 

By  Which  All  Photo  Tubes  Are  Judged 

76  DIFFERENT  TYPES  AVAILABLE 

OUR  ENGINEERING  DEPARTMENT  IS  ALWAYS  READY  TO 
ASSIST  YOU  IN  YOUR  DEVELOPMENTS. 

Write  for  Literature 

CONTINENTAL  ELECTRIC  COMPANY 

HAMILTON  AND  RICHARDS  STREETS.  GENEVA.  ILL 


Heavy  Duty,  Hi -Power  Genemotors 

a  For  Hi-Galn  Amplifiers,  Ultra 

Radios,  Aircraft  Radios,  etc. 
Six  years  of  successful  perform- 

.  There  is  a  Carter  Genemotor 
■  for  every  requirement. 

Small  size— no  hash 
LIG'HT  weight  reliable 

r  ior  Go^p'ete  •  n  f  'T' d  t ' 


'608  MILWAUKEE  AVE 


CHICAGO,  ILL 
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All  IJobeatable  Pair 


THE 

DU  MONT 

TYPE  185 

ELECTRONIC 

SWITCH 

AND 

TYPE  168 

CATHODE  RAY 
OSaLLOGRAPH 


The  Du  Mont  Type  185  Electronic  Switch,  operatinK  to  cause  two  inde* 
pendent  signals  to  appear  superposed  on  the  screen  of  the  cath<Mle>ray 
oscillograph,  offers  many  new  possibilities  for  definite  critical  comparison 
of  two  independent  signals. 

Hie  Type  168  Cathode>Ray  Oscillograph,  a  long-time  favorite  among 
flexible  laboratory  instruments,  again  proves  its  usefulness  in  its  ready 
adaptability  to  this  new  and  complex  problem. 


ALLEN  B.  DIJ  MONT  LABORATORIES,  INC. 


Passaic,  New  Jersey 


Cable  Address:  Wespexlin,  New  York 


BLILEY  CRYSTALS 

are  manufactured 
for  all  frequencies 
from  20  Kc.  to  30 
Me.  Precision 
holders  and  ovens 
are  available  for 
standard  and  spe¬ 
cial  applications. 

Bliley  Broadcast 
Frequency  Crys¬ 
tals  are  approved 
by  the  F.C.C. 

BLILEY  ELECTRIC  GO.,  ERIE,  PENNA. 


Leach  small  size  circuit  control  relay, 
type  No.  1357  is  a  compact,  rugged  and 
reliable  control  relay  ideal  for  your  con¬ 
trol  circuit.  These  relays  have  solid 
cores,  positive  contact  and  low  current 
consumption — built  so  that  you  can  de¬ 
pend  upon  them! 

LEACH  RELAY  COMPANY 

5915  Awlm  Boultnrd.  LOS  ANGELES,  CALIF. 

15  E.  26th  St..  New  York  City 


LEACH  (LR)  RELAYS 


you  can  depend  upon  their 

OPERATING  RELIABILITY 


LEACH  RELAY  COMPANY,  5915  Avalon  Boulevard,  Los  Angeles,  Calif. 


Please  aend  your  catalog.  I  am  Interested  In . type  relay. 

Name  . 

Company  . 

Address  . City . 


Ohmmeter 

The  instrument  is  a  multi-range  ohm- 
meter  having  ranges  from  0.2  up  to  300 
megohms  and  is  designed  for  use  where 
resistance  measurement  requirements 
call  for  extremely  broad  coverage  plus 
constancy  in  operation.  Model  763,  of 
Weston  Elec.  Instrument  Corp.,  New¬ 
ark,  N.  J.  can  be  used  on  the  top  range 
as  a  modified  “megger”  wherein  125 
volts  (Maximum  current  microampers) 
is  available  for  insulation  test.  A  fila¬ 
ment  type  vacuum  tube  is  used  as  a 
rectifier  in  order  to  supply  the  125  volts 
needed  for  the  300  megohm  range.  It 
is  operated  from  an  a.c.  60  cycle  supply, 
and  can  be  operated  without  variation 
in  results  because  of  the  line  voltage 
control,  on  a.c.  circuits  with  a  voltage 
with  105  to  130. 


Foot-Candle  Meter 

New  in  design,  the  “Photomet”  is  a 
super-sensitive  foot-candle  meter  or  ex¬ 
posure  meter  capable  of  measuring  light 
intensities  as  low  as  0.0005  fc.  is  an  item 
of  G-M  Labs.,  Inc.,  Chicago,  Ill.,  and 
is  applicable  for  lighting  surveys, 
colorimetry,  light  absorption  studies,  re¬ 
flection  factor  measurements,  photomi¬ 
crography,  and  photoengraving.  It  is 
self-contained  and  consists  of  a  self¬ 
generating  Visitron  cell. 


Spot  Welder 

A  SPOT  WELDING  machine  with  hydrogen 
gas  to  prevent  oxidation,  discoloration, 
corrosion,  and  brittleness,  has  been  de¬ 
veloped  by  Eisler  Engineering  Co.,  Inc., 
750  South  13th  St.,  Newark,  N.  J.  An 
automatic  gas  economizer  and  shut-off 
valve  are  so  arranged  that  immediately 
after  the  weld  is  completed  the  gas  is 
cut  out  and  this  gas  burns  at  the  spot 
only  during  the  actual  welding  opera¬ 
tion.  The  machine  is  an  air  operated 
vertical  plunger  type  and  comes  in  sizes 
from  5  KVA  to  250  KVA. 


Single  Unit  Recorder 

Allied  Recording  Prod.,  128  West  46th 
St.,  New  York  City,  announce  a  78-33J 
rpm  unit  and  which  will  accommodate 
up  to  171  in.  discs.  Overhead  feed 
mechanism;  high  fidelity  playback,  115 
db  amplifier,  output  meter;  two  inputs 
combined  with  a  mixer — complete  with 
BR2-S  mike;  and  speaker. 


Voltmeter 

For  use  in  checking  the  voltage  ad¬ 
justment  of  relays,  regulators,  genera¬ 
tors,  batteries,  and  cables.  Type  DX-1 
of  General  Electric  Co.,  has  been  an¬ 
nounced.  It  is  a  precision  instrument 
with  an  accuracy  to  2%;  sensitivity  is 
25  ohms  per  volt.  A  meter  and  a  hand 
prod  included,  are  joined  by  a  30  in. 
durable  rubber-covered  wire. 
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SENSITIVITY 

D.C.  RELAYS 

operating  at  four  to  fifty 
milliwatts  to  control  A.C. 
loads  of  150  to  1000  watts 

A.F.  RELAYS 

actuated  by  telepbonically 
applied  sound  to  initiate 
control  lupctions  through 
other  relays 

ACOUSTIC 

SWITCHES 

with  sensltirity  adlustable 
lor  desired  response  to 
sounds  of  low  or  high 
intensity 

Sigma  Instruments,  Inc. 

3IS  Tropolo  Road 
Bolmoni  Matsacbusott* 


TELEVISION  PRESENTS 
A  NEW  PROBLEM 


Tho  ShallcroM  Uno  oi  kUoToltmoton, 
ranging  tram  on*  to  two  hnadrod  Ulo- 
Tolta,  hoTO  boon  usod  tor  yoan  by  othor 
branchoa  of  tho  oloctrical  Indnstry.  Tho 
dopondabllity,  accuracy,  and  fair  prico  oi 
thoao  inatnunonta  will  intoroot  you. 

Lot  ua  holp  you  with  tho  prablom  oi 
high  Toltogo  moaauromont.  Writs  ter 
BuUslia  700-KF. 

RESISTANCE 
RANGE  FROM 
1  OHM  TO  10 
MEGOHMS 

SHALLCROSS  MFG.  CO. 

COLLINGDALE,  PA. 


Molding  Compounds 

Two  NEW  ASBESTOS-FILLED  molding  ma¬ 
terials  have  been  made  commercially 
available  by  General  Plastics,  Inc.,  N. 
Tonawanda,  N.  Y.  Durez  38-443  was 
formulated  specifically  to  meet  Under¬ 
writers’  specifications  for  withstanding 
200*  C.  for  72  hours,  and  has  an  impact 
stren^h  of  .23  (ASTM).  Heat  resist¬ 
ance  is  recorded  at  490*  F.  and  specific 
gravity  is  1.80.  Durez  38-646  has  a  low 
specific  gravity  of  1.59;  heat  resistance 
500*  F.,  and  impact  streng^th  .19 
(ASTM).  Its  flexural  strength  is  9000 
(ASTM). 


Aircraft  Transmitter 

A  150  WATT,  LIGHT  weight  (62  lbs.), 
high  powered  unit  designated  as  the 
“Waller  Communicator”  has  been  de¬ 
veloped  and  announced  by  The  Spartan 
School  of  Aeronautics,  Tulsa,  Okla.  It 
is  remote  controlled,  covers  3  frequen¬ 
cies,  using  separate  crystals  for  each 


frequency;  incorporates  side  tone,  in-  | 
terphone,  transmission  on  both  long  and  i 
short  antennas,  with  automatic  loading  | 
on  the  short  antenna  to  prevent  over-  i 
modulation.  It  delivers  150  watts  into  j 
the  antenna,  100%  modulated,  uses  class  I 
“B”  modulation.  I 


Speed  Controller 

A  MULTI-SPEED  CONTROLLER  for  a-c  mo¬ 
tors  has  been  announced  by  Raytheon 
Mfg.  Co.,  Waltham,  Mass.  It  makes 
possible  variation  of  motor  speed  by 
changing  the  input  voltage.  The  prin¬ 
cipal  components  are  an  auto-trans¬ 
former  with  voltage  adjustment  taps 
and  an  oil  filled  condenser.  There  are  no 
moving  parts. 


Acetate  Shaving  Collector 

A  VACUUM  DEVICE,  announced  by  Lake¬ 
side  Supply  Ck).,  416  S.  Dearborn  St., 
Chicago,  collects  the  thread  cuttings 
from  recordings  on  acetate  records  and 
deposits  them  into  a  jar  containing 
water  thereby  assuring  cleanliness,  and 
safety. 


...DO  YOUR  PENCIL  DRAWINGS 
PRINT  LIKE  INK? 


for 

•  Trantparency 

•  Drafting  Spend 

•  Ink-dnnM  Linat 

•  INK-QUALITY 

Blue  Printi  or 
Blacklinn  Printa 
at  Pencil  Spaed 


Ask  for  Attractive 

TRIAL 

KIT 


Approval  of  this 

/  \  new  revolutionary 
Post  product  has  sky¬ 
rocketed  since  its  recent 
introduction  because  it 
provides  a  shortcut  to 
an  INK-Quality  blue 
print  with  speed,  line 
density  and  contrast 
never  before  possible.  It 
has  a  velvety,  trans¬ 
parent  surface  that  is 
tough,  durable,  subject 
to  erasure.  Made  in  your 
sizes. 

JUST  PHONE  YOUR  POST  MAR 

In  cltlea  not  listed  sea  year  laaal 
drafting  natarlal  dealer 


Birninghaai 
James  A.  Head.  Inc. 
Boston 

Boston  Blue  Print  Co. 

Buffalo 

Buffalo  Blue  Print  Co. 

Chicago 

Frederick  Post  Co. 
Holders.  Inc. 

Cleveland 

trty  Blue  Printing  Co. 

Dallas 

The  Rush  Co. 

Dayton 

Gem  City  Blue  Print 
&  Sup.  Co. 

Denver 

IL  R.  Melnlnger  Co. 
Detroit 

Frederick  Post  Co. 

Fort  Wayne 
Fort  Wayne  Blue  Print 
A  Supply  Ca 
Fort  Worth 
Majestic  Iteurotluctlon 
Co. 

Houston 

Gulf  Blue  Print  Co. 
Indianapolis 
Indianapolis  Blue  Print 
Jb  Litho  Co. 

Kansas  City 
Western  Blue  Print  Co. 


Knoxville 

Sehom  A  Kennedy 
Los  Angolas 
Stationers  Conx 

Milwaukee 

Frederick  Post  Co.  of 
WLsconsin 

New  Orleans 

Southern  Blue  Print  Co. 
Dklahoma  City 
A.  A  E.  Eqtilpnient. 
Inc. 

Omaha 

Standard  Blue  Print 
Co. 

Philadelphia 
Philadelphia  Blue  Print 
Co. 

Pittsburgh 

American  Blue  Print  Oo. 
Portland 
J.  K.  GUI  Co. 

St.  Louis 

Service  Blue  Print  A 
Photo  Copy  Co. 
Seattle 

Kuker-Ranken.  Ino. 
Toledo 

Toledo  Blue  Print  Jk 
Paper  Co. 

Tulsa 

Triangle  Blue  Print  it 
Supply  Co. 


THE  FREDERICK  POST  CO. 
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SMOOTHNESS... 
!n  operation,  and 
permanent  closel/ 
graduated  control 
are  built  in.  Write 
today  for  Catalog 
17. 


iHis  mm  [yi  o**.  « 


Unequalled  in 


•NIVEIMl  ■•■HTEI 
■ETaL-eiapaiTE  ceiuc? 


Smoothness, ' 

\  % 

</* 
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(ITIEtlS 

ENMEl 


T  AKE  an  Ohmite  Rheostat — check  its 
design  and  construction — then  you’ll  know 
why  Ohmite  Rheostats  are  unequalled. 
Only  Ohmite  Rheostats  can  give  you  all 
these  features :  ir  Resistance  wire  is  wound 
over  a  smooth  porcelain  core — held  in 
place,  insulated  and  permanently  protected 
by  Ohmite  Vitreous  Enamel.  ★  Porcelain 
material  to  char  or  burn ;  no  fibrous  mate¬ 


rial  to  shrink  or  change  with  heat  or  age. 
"k  Metal-graphite  contact  brush  with  uni¬ 
versal  mounting  insures  perfect  contact 
with  negligible  wear  on  the  wire.  ★ 
Underwriters’  Laboratories  Listed.  ★  And 
there  are  many  other  exclusive  Ohmite 
features!  ★  Wide  range  of  9  Ohmite  Stock 
Sizes  from  25  to  1000  watts — or  models 
specially  designed  to  your  specifications. 


OHMITE  MANUFACTURING  COMPANY*  4817  Flournoy  Street,  Chicago,  U.S.A.  ' 


witA  ©  Ini  fl  TT 

RHEOSTATS  *  RESISTORS  *  TAP  SWITCHES 


Explaining  electron  optics  theory 
and  its  most  useful  application: — 
the  TELEVISION  CATHODE-RAY  TUBE 

This  book  develops  the  theory  of  electron  optics 
from  its  fundamentals  and  covers  its  application  in 
the  design  of  the  television  cathode-ray  tube. 

ELECTRON  OPTICS 
IN  TELEVISION 

By  1.  G.  MALOFF  and  D.  W.  EPSTEIN 
Research  Division,  RCA  Manufacturing  Co. 

designing  tubes,  practical  and  economical 
to  construct  and  capable  of  producing 
satisfactory  television  pictures  when  used 
with  practical  associated  apparatus.  In¬ 
cluded  are  approximate  methods  for  solv¬ 
ing  non-linear  circuit  problems  connected 
with  the  design  of  apparatus  associated 
with  the  television  cathode-ray  tube. 

EXAMINE  IT  10  DAYS  — MAIL  THE  COUPON 


McGraw-Hill  Book  Co.,  Inc.,  SiiO  IV.  42nd  St.,  N.  Y.  C. 

Send  me  MalofT  and  Epstein  Electron  Optics  in  Television  for  10  days'  examination  on 
approval.  In  10  days  I  will  send  $3.50,  plus  few  cents  postage,  or  return  book  postpaid. 
(We  pay  postage  on  orders  accompanied  by  remittance.) 


Name  . 

Address  . Position 

City  and  State . Company 


(Books  sent  on  approval  in  U.  S.  and  Canada  only.)  U  2-39 


Here  is  a  book  which  gives  you  an 
understanding  of  electron  optics 
with  applications  to  problems  in  pure  and 
applied  physics.  Here  are  the  basic  prin¬ 
ciples  of  the  design  of  television  cathode- 
ray  tubes  and  associated  circuits. 

Deals  with  the  problems  encountered  in 


299  pages  illustrated 


Dynamotor 

Model  C20,  with  filter,  a  new  dynamo- 
tor  announced  by  Eicor,  Inc.,  515  S. 
Laflin  St.,  Chicago,  incorporates  new 
patented  features  of  design.  The  brush 
holder  accommodates  a  brush  of  longer 
length  and  greater  cross-section  area 
and  locks  the  brush  caps,  while  a  special 
device  is  designed  to  stop  end  play  in 
the  armature  shaft.  Substantial  reduc¬ 
tion  in  ripple  voltage,  lower  resistance, 
and  better  regulation  are  obtained  by 
the  use  of  a  stronger  magnetic  field  per¬ 
mitting  an  armature  of  smaller  size 
and  weight. 

Also  announcM)  is  Type  .’lAIT),  elec¬ 
tric  light  plant  which  will  light  twelve 
25  watt  lamps  or  operate  a  standard 
a-c  radio  and  eight  lamps. 


Attenuators 

A  PRECISION  ATTENUATOR,  announced  by 
Ohmite  Mfg.  Co.,  4835  Flournoy  St., 
Chicago,  is  hermetically  sealed  in  a 
strong  glass  tube  to  give  protection 
against  heat,  humidity,  etc.  An  attenu¬ 


ator  can  be  furnished  to  match  the  im¬ 
pedance  of  any  line  and  will  give  any 
desired  loss  from  .25  up  to  40  db  of 
infinity.  It  can  be  obtained  as  a  “Pie”, 
“T”,  “H”,  or  “L”  pad. 


Vibrator 

ATR  Vibrators  of  new  construction 
have  been  announced  by  Amer.  Tele¬ 
vision  &  Radio  Co.,  300  E.  4th  St.,  St. 
Paul,  Minn.,  incorporating  the  following 
features:  A  in.  tungsten  contacts  of 
full-wiping  action;  perforated  reed  of 
high  quality  Swedish  spring  steel ;  mag¬ 
netic  circuits  with  formed  base;  mica 
and  metal  stack  spacers  with  2  volt 
stack  constructions;  extra  flexible  leads 
with  tinned  clamp  supports;  precision 
is  calibrated  to  hold  within  a  tolerance 
of  ,005  of  an  inch.  A  vibrator  chart 
and  guide  are  available. 
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IBs® 

Television 


Components 


W  RITE  FOR  THE 
LATEST  DATA  ON  A 
WHOLE  SERIES  OF  NEW 
NA.ALD  TELEVISION 
COMPONENTS. 


*  They  are  developed  in  collab¬ 
oration  with  laboratories  that 
have  had  the  benefit  of  obaerv- 
inf  actual  requirements  revealed 
in  field  tests. 

*  In  part,  they  consist  of  a  con¬ 
nector  for  the  It -prong  Cathode 
Ray  tube — IS02-P1  and  1802-P4. 


*  The  development  not  only  con¬ 
sists  of  meeting  every  require¬ 
ment  in  the  connector,  but  also 
in  the  attached  leads.  Special  ma¬ 
terial  and  processes  meet  high 
voltage  breakdown  tests,  t  Under¬ 
writers  double  voltage  :  1000.) 

Has  complete  freedom  of  ionisa¬ 
tion  noises  at  operating  voltages 
with  tests  at  both  normal  and  ex¬ 
treme  humidities. 

O  Other  components— special  rec¬ 
tifier  socket  —  low  capacitance 
sockets  and  plugs — interlocks— 
high  Q  wire— safety  grounding 
cords — insulated  tube  caps,  etc. 
Write  us  just  what  you  are  doing 
in  television  so  that  we  may  keep 
you  informed  of  developments 
that  will  interest  you. 


ALDEN  PRODUCTS  COMPANY 

717  Center  St.  Brockton,  Mats. 


MICROMETER 

FREQUENCY  METER 


.  .  .  a  band-npread,  AC-operated, 
heterodvne  meter;  ONE  instrument 
to  cheek  several  transmitters,  1.5 
to  56  me. 


•  R.\TIO-rOUPI,KD  ON<'II,I..\t<)K:  uta- 
billty  5  to  10  times  that  of  u.sual  clr- 
•  ults:  temperature  coefficient  less  than 
2  cycles/lOV'r. :  line  voltage  effect 
1  cycle  per  million  for  1%  change. 

•  .MICROMKTKK  ('ONDKNSKK:  rugged 
cylinder-and-tuhe  construction  on 
regular  micrometer  head — no  flimsy 
plates. 

•  PRKf  ISION  l>I.\I.;  rotates  micrometer 
head,  has  50-turn  range  and  Veeder 
counter,  reads  to  10.000  divisions. 

•  PKR  CKNT  DKVIATION  Ct  RVRS: 

re.«ults  readily  compared  with  FCC 
tolerances. 


^Ir. 


—  Wr/f#  today  tor  data  — 

A  M  P  K  I  N 

AIORATORIES 

BRADENTON  .  .  .  FLORIDA 


Portable  Sound  Systems 

RCA  Mkg.  Co.,  Camden,  N.  J.,  announce 
a  12  watt  amplifier  which  includes  two 
loudspeakers  and  a  velocity  microphone 
and  is  designated  as  model  PG  112-B. 
24  feet  of  cable  is  supplied  with  each 
speaker  and  the  two-piece  carrying  case 
can  be  used  as  baffles. 

Transformfhl  Corp.  of  Amer.,  69 
Wooster  St.,  New  York  City,  announce 
a  new  Clarion  15-18  watt  unified  system. 
Model  C-416.  Amplifier  facilities  in¬ 
clude  mixing,  fading,  tone  control  and 
multi-output  impedance  from  2  to  5 
ohms.  The  unit  is  complete  with  beam 
power  amplifier,  two  10  in.  speakers, 
floor  stand,  and  a  choice  of  microphone. 
Cables,  tubes  and  plugs  are  also  fur¬ 
nished. 


Fixed  Resistors 

A  LINE  OF  CARBON  fixed  resistors  is  an¬ 
nounced  by  Con.solidated  Wire  &  Assoc. 
Corps.,  520  S.  Peoria  St.,  Chicago.  Of 
solid  molded  construction,  permanently 
bonded  into  one  compact  unit,  they  have 
a  tolerance  or  resistance  variation 
which  is  maintained  at  a  average 
and  is  guaranteed  within  lOVt  ±.  They 
are  quiet  in  operation,  moisture  proof 
and  non-inductive,  have  no  capacity  ef¬ 
fect,  and  maintain  resistance  values 
over  a  wide  temperature  range  and  can 
be  used  in  any  r-f  or  audio  circuit. 

.\-B  Battery  Eliminator 

Electro  Products  Laboratories,  549  W. 
Randolph  St.,  Chicago,  announces  an 
eliminator  that  changes  110  volt  raw 
a.c.  to  pure  d.c.  It  is  suitable  for  use 
with  ij  and  2  volt  farm  or  battery 
operated  receivers,  and  the  power  sup¬ 
ply  is  sufficient  for  any  size  set.  A  low 
voltage  adjuster  includes  switch  and 
potentiometer,  and  the  “A”  output  may 
be  increased  and  diminished  to  provide 
correct  “A”  filament  voltage  to  insure 
longer  tube  life. 


Glow  Lamp 

i  General  Electric  Vapor  Lamp  Co., 

,  Hoboken,  N.  J.,  announce  a  new  4-watt 
j  glow  lamp  which  is  equipped  with  a 
'  skirted,  miniature  single  contact  bayo¬ 
net  base.  It  is  of  small  physical  size 
and  is  especially  useful  where  space  is 
i  of  prime  importance.  No  resistance 
'  has  been  built  in  the  base  and  therefore 
j  external  resistance  must  be  limited  to 
j  2  ma. 

8  Watt  Amplifier 

i 

!  Thordarson  Elec.  Mfg.  Co.,  500  W. 
Huron  St.,  Chicago,  announce  a  new 
high  gain  8  watt  amplifier,  Model  T- 
20W’^O8,  with  a  speaker  case  of  base 
reflex  type.  This  4  tube  unit  features 
individual  control  of  mike  or  phone  for 
complete  mixing,  supplies  6  watts  of 
power  for  field  excitation  and  has  a 
convenient  method  of  selecting  output 
impedance.  Catalog  600  is  available. 


OuA  HeCtif 

Ifl 


CLAROSTAT 

Power  Resistors 

Well-known  commercial  trans- 
^  mitter  builder*  has  standard¬ 
ized  on  these  units.  Leading  labora¬ 
tory*  prefers  them  to  usual  stand¬ 
ard  types.  Pioneer  television  or¬ 
ganization*  using  them  in  its  best 
assemblies.  All  because  .  .  . 


it  Th«y  atm  mor*  ruqqad.  Mor*  q«n«rous 
overload  iactor.  Withstand  most  try- 
inq  sorvics.  Install  thsm — iorqst  them. 

it  Entirely  new  inorqanic  cement  coatinq. 
Represents  years  oi  research.  Won't 
blister  or  crack  even  at  red  heat. 

it  Quality  resistance  wire  accurately  and 
tiqhtly  wound  on  quality  ceramic  tub- 
inq.  Imbedded  in  cold  cement  coatinq, 
unimpaired. 

it  Maximum  heat  radiation  means  hiqher 
wattaqe  capacity  for  qiven  sise. 

it  In  10,  2S,  SO,  80,  100  and  200  watt  rat- 
inqs.  All  popular  resistance  values. 
Fixed  and  adiustable  types.  Also  avail¬ 
able  with  non-inductive  windinq. 

it  Fit  companions  lor  CLAROSTAT  controls, 
Pluq-in  Resistors,  Strip  Resistors,  etc. 
Finished  in  qreen  for  positive  identiiico- 
tion. 

*  Names  supplied  on  request. 


Submit  Your  Problem  .  .  . 


it  No  motter  what  your  resistance  or  con¬ 
trol  requirements  moy  be,  just  submit 
your  specilicatioiu  or  needs.  Somples 
and  quotations  cheerfully  furnished. 


4  I, A  ItOST AT 


^'cuiiosu:-' 


.M  \M  F  %«  T  I  It  I  >  4.  4  0. 

^fl.T  .Akixlll  Si. 

Ilrisoki V  11.  ^  . 


ELECTRONICS  —  February  1939 


71 


United  States  Patents 


What  A  Patent  Lawyer 
Should  Do  For  You 

By  H.  A.  Toulmin,  Jr. 

IT  IS  A  common  mistake  to  consider 
that  a  patent  attorney’s  chief  func¬ 
tions  are  merely,  first,  to  draw  up  the 
formal  application  for  a  patent,  second, 
to  submit  it  to  the  Patent  Office,  and 
third,  to  represent  the  client  in  in¬ 
fringement  suits. 

A  patent  attorney  should,  as  a  rule, 
be  allowed  to  start  by  making  a  thor¬ 
ough  search  of  prior  patents  and  the 
literature  on  all  related  subjects  to  de¬ 
termine  the  present  state  of  the  art  as 
well  as  whether  the  invention  is  new. 
By  doing  a  thorough  job  here  he  can 
often  save  filing  expenses  and,  later, 
costly  litigation,  if  he  discovers  that  the 
idea  is  unpatentable  because  it  is  not 
new  or  for  other  reasons. 

If  the  idea  appears  from  this  search 
to  be  patentable,  he  then,  preferably  in 
collaboration  with  the  inventor,  draws 
up  the  application,  which  requires  the 
greatest  care.  In  fact,  the  Supreme 
Court  of  the  United  States  once  com¬ 
mented  that  the  application  for  a  pat¬ 
ent  is  the  most  difficult  of  all  legal 
papers  to  draw  up  correctly. 

The  patent  attorney  then  files  the 
application  with  the  Patent  Office. 

These,  however,  are  merely  the  rou¬ 
tine  duties  of  a  patent  lawyer. 

Before  filing  the  application  he  has 
much  more  important  duties  to  his 
client.  He  should,  first,  try  to  visualize 
in  the  invention  the  embodiment  of  a 
principle,  plan  or  scheme,  the  broad 
scope  of  which  should  be  protected  by 
claims  that  do  more  than  describe  or 
define  the  more  physical  thing  that  has 
been  invented. 

To  do  this  the  patent  attorney  must 
understand  the  practical  manufacturing 
and  scientific  implications  of  the  in- 


Electron  Tube  Applications 

Moisture  Control.  A  decalcomania 
moistening  apparatus  involving  two 
amplifier  tubes.  Herbert  Kott,  Decal 
Automatic  Corp.,  New  York,  N.  Y. 
No.  2,126,784. 

Sound  Production.  A  system  for  the 
artificial  production  of  vocal  or  other 
sounds.  H.  W.  Dudley,  BTL,  Inc.  No. 
2,121,142. 

Musical  Instruction.  Apparatus  for 
assisting  ensemble  musical  perform¬ 
ance  comprising  several  phonogpraph 
records,  each  recording  one  or  more 
but  not  all  of  the  tonal  parts  of  a 
musical  composition.  R.  H.  Ranger, 
Newark,  N.  J.  No.  2,123,258. 


vention  in  its  relationship  to  the  art. 

He  should,  further,  be  able  to  imagine 
how  others  might  seize  upon  it  and 
improve  it  with  other  inventions  which 
would  check-mate  the  original  inventor 
unless  he  could  arrive  at  some  satisfac¬ 
tory  cross-licensing  agreement.  He 
should  show  the  inventor  how  to  protect 
himself  against  such  developments  and 
outline  further  improvements  which  the 
inventor  should  work  on  in  order  to  pro¬ 
tect  the  extension  of  the  inventor’s  ideas 
and  the  manufacturer’s  business. 

The  patent  attorney  should  also  vis¬ 
ualize,  or  seek  out,  new  lines  of  develop¬ 
ment,  machines  and  processes  which 
might  grow  out  of  the  original  inven¬ 
tion,  so  that  the  inventor  may  be  able  to 
benefit  from  them  as  well. 

He  should  not  neglect  to  examine  the 
commercial  side  as  well.  To  that  end 
he  should  advise  on  future  sales  cam¬ 
paigns  and,  where  indicated,  lay  the 
foundation  for  various  commercial 
agreements  and  cross-licenses  for  the 
stabilization  and  regulation  of  the  in¬ 
dustry  in  which  the  invention  is  to  be 
used. 

It  is  evident,  then,  that  the  patent 
lawyer,  to  be  of  most  value  to  his  client, 
should  have  much  more  than  a  sound 
and  thorough  legal  training  and  experi¬ 
ence.  He  should  also  be  equipped  with 
a  competent  and  advanced  scientific  and 
engineering  knowledge. 

He  should  be  well  versed  in  economic 
and  business  trends  and  equipped  with 
an  underlying  “sales  consciousness.’’  He 
should  be  a  shrewd,  far-seeing  business 
man.  And,  finally,  he  should  be  blessed 
with  a  vigorous  imagination. 

Such  a  man,  given  proper  scope,  will, 
of  course,  charge  more  than  one  who 
can  merely  follow  instructions  and  see 
the  application  through  the  Patent  Of¬ 
fice,  but  he  will  save,  or  make,  the  in¬ 
ventor  or  manufacturer  more  money  in 
the  end.  And  the  making  of  money 
is  the  proper  purpose  of  invention. 


Coaxial  Conductor  Testing.  Method 
of  interrupting  the  paths  along  con¬ 
ductor  by  charge  and  discharge  of  a 
condenser.  C.  P.  Bartgis,  BTL,  No. 
2,108,637. 

Lubricant  Testing.  Applying  lubricant 
to  a  plate,  vibrating  plate  at  a  pre¬ 
determined  frequency,  and  determining 
residue  after  vibration.  H.  C.  Drake 
and  L.  J.  De  Lanty.  Sperry  Products, 
Inc.  No.  2,108,580. 

Sorting.  Projection  radiation  on 
devices  to  be  sorted,  light  sensitive 
means  responsive  to  total  radiation  fiux, 
and  others  responsive  to  spectral  qual¬ 
ity  fiux.  E.  D.  Wilson,  Westinghouse 
Electric  and  Manufacturing  Co.  No. 
2,114,867. 


Sound  Translating  Apparatus.  Me- 
chano-electric  transducer  actuated  by 
the  vibrations  of  the  body  due  to  the 
voice,  and  an  electrical  network  for 
transmitting  the  electrical  output  of 
the  transducer,  the  overall  character¬ 
istic  rising  progressively  with  fre¬ 
quency  from  200  to  about  4000  cycles 
when  the  transducer  is  vibrated  at 
constant  velocity.  Stuart  Ballantine, 
Mountain  Lakes,  N.  J.  No.  2,121,778- 
2,121,781  and  2,122,191. 

Drying  Apparatus.  Process  for  dry¬ 
ing  tobacco  comprising  subjecting 
mass  of  tobacco  to  a  vacuum  whereby 
moisture  is  evaporated  therefrom  and 
simultaneously  creating  an  alternating 
electrostatic  field  in  the  tobacco  muss 


during  vacuum  evaporation.  H.  L. 
Smith,  Jr.,  Thermal  Engineering  Corp., 
Richmond,  Va.  No.  2,124,012. 

Head  Lamp  Tester.  Apparatus  for 
testing  projection  lamps  comprising 
light-sensitive  cell,  etc.  V.  J.  Roper, 
G.  E.  Co.  No.  2,120,869. 

Electric  Sign.  Electric  arrangement 
for  displaying  animated  pictures  and 
communications  by  means  of  a  lamp 
field,  comprising  a  bank  of  phototubes 
operating  control  tubes  which  control 
the  current  through  incandescent  lamps. 
Kurt  Rosenberg,  assigned  to  the  Amer¬ 
ican  Epok,  Inc.  No.  2,119,870. 

Furnace  Control.  Apparatus  for 
shutting  off  fuel  supply  to  a  furnace, 
etc.  D.  W.  Fehrenbach,  Kansas  City 
Journal-Post  Co.  No.  2,120,053. 

Exposure  Meter.  Meter  for  simul¬ 
taneously  determining  diaphragm  open¬ 
ing,  shutter  speed,  and  polarizer  adjust¬ 
ment.  H.  Joachim,  Zeiss  Ikon.  No. 
2,117,004. 

Oscillograph.  Neon  tube,  oscillator, 
superposing  on  the  r-f  wave  an  audio 
wave  to  be  examined.  B.  J.  Haskins, 
and  R.  W.  Reitherman.  No.  2,062,174. 

Motor  Control.  Restoring  balance  of 
a  normally  balanced  system.  Wm.  M. 
Young,  Taylor  Instrument  Co.  No. 
2,115,834. 
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MULTI  -RANGE  TESTERS 

PRECISION 

QUALITY  TEST  EQUIPMENT 

AT  POPULAR  PRICES 


Eyery  laboratory,  broadcast  and  record¬ 
ing  studio,  amateur,  seryice  organisation, 
engineer  and  school  can  use  these  popular 
PRECISION  low-priced  multi-range  testers. 
All  units  are  equipped  with  wire  wound 
shunts  and  matched  multipliers  oi  1%  ac¬ 
curacy  and  are  indiyidually  calibrated 
against  laboratory  standards. 


Series  842-P 


★  l-urK**  "I***  tS,  Ini'll  miuare  meter. 

★  KIVK  Af  anil  I)i '  VDI.TAtJK  KA.N’CK.'t  at 

1000  iihniH  per  volt;  0  to  10/50  250/ lOOO- 
'2500  Volta. 

★  SIX  Df  ffKKK.NT  UANUK.S;  0  to  1/10,50- 

/250  .MA:  0-1;  0-10  A.Mf.S. 

•k  KttfK  KKSI.STA.NCK  FtA.N'tlKS:  0-400  ohms 
(20  olima  oenterl.  0-100.000  ohmn.  0-1 
meirohm.  0-10  meKolima.  NOTH;  Provi- 
Kiona  for  mountliiK  ohtnnieter  power  sup¬ 
ply  (4t-j  amt  45  v  liatterlea)  on  inaiile  of 
case  No  external  connectlon.>»  necesaary. 

★  KIVK  UKCIHKI.  KANtJKS  from  -10  to  -6.4 

DM;t)DH;  tl4I)H;  *2»1)H.  t40l)H;  +  4»1)H 
X44-I'  Sixe  9x10x6.  Houaeil  In  walnut  tlnl.aheil 
wood  portalile  raae  with  removable  cover  l.esa 

liatteriea  amt  teat  leaila.  Net  Price....  $23.95 


» 

Series  830 


★  Five  D.C.  Voltage  Kangea  at  1000  ohma  per 
volt;  0-10;  0-100;  0-250;  0-500;  0-1000 

Volta. 

it  Four  U.C.  Current  Kangea:  0-1;  0-10;  0-100; 
0-250MA. 

-e  Two  Realatance  Kangea:  l»w  ohma  (ahunt 
method)  to  500  ohma.  High  ohma 
0-300.000  ohma. 

it  Ohmmeter  Kangea  are  powered  by  aelf  con¬ 
tained  aupply. 

Other  Features:  Large  3"  aquare  meter.  D’Ar- 
aonval  movement  2%  accuracy,  adjuat  ohma 
compenaator;  attractive  metal  etched  panel; 
walnut  flniahed  wood  caae  with  carrying  strap 
aelf  contained  battery  included;  compact  size 
7  X  4%  X  2H. 

N*t  Prle« . $10.95 

SEE  these  as  well  as  any  oi  the  other  12 
popular  PRECISION  Test  Equipment  models 
on  display  at  all  the  leading  radio  parts 
jobbers,  or  write  direct  to  factory  ior  latest 
"spec"  sheets. 


PRECISION 

APPARATUS  CO. 

821  EAST  NEW  YORK  AVENUE 
BROOKLYN.  NEW  YORK 


Export  Div.  438  Broadway.N.Y..U.S.A.  CaMoi:  Morbanox 


I  Time  Delay.  Method  of  preventing  ] 
discharge  when  tube  is  cold.  D.  D.  ^ 
Knowles,  WE<&M  Co.  No.  2,114,883.  | 

Oil  Testing.  Subjecting  lubricant  to  ; 
a  voltage  gradient  less  than  that  re- 
I  quired  to  produce  a  spark,  measuring 
I  the  density  of  the  current  produced  and  ; 
comparing  with  current  in  standard  i 
sample.  A.  J.  McMaster,  G-M  Labs.  ' 
No.  2,122,578. 

j  Cardiograph.  Method  for  amplifying 
and  recording  electrical  currents.  F.  G. 

I  Paully,  Hellige,  Inc.  No.  2,124,208. 

.\rc  Welding.  Use  of  rectifiers  for 
welding  control.  C.  J.  Holslag,  Electric 
;  Arc  Cutting  and  W'elding  Co.  No. 
2,132,479.  j 

Steel  Hardening.  Heating  a  wire  to  j 
i  its  recalescence  point,  maintaining  the  j 
■  temperature  by  rectifying  a  voltage  ' 
secured  from  a  reactance  drop  due  to 


the  variation  in  permeability  of  the 
wire.  C.  W.  Hansell,  RCA.  No. 
2,123,776. 

Water  Hardness  Test.  Producing  an 
indication  dependent  upon  hardness  of 
water  involving  phototube.  Eric  Pick,  j 
Permutit.  No.  2,122,824.  ! 

Spectrophotometer.  Photoelectric  de¬ 
vice  receiving  light  from  sample  and 
standard.  O.  W.  Pineo,  Calco  Chemical 
Co.  No.  2,107336. 

Ratio  Measurement.  Instrument  re¬ 
sponsive  to  ratio  of  two  quantities  us¬ 
ing  two  tubes  with  parallel  grid  and 


plates  in  series.  S.  A.  Scherbatskoy 
and  Jacob  Neufeld,  Tulsa,  Okla.  No. 
2,129,880. 

Record  Machine.  Phototube  scanning 
of  cards  for  tabulating.  Waldemar 
Ayres,  I.B.M.  No,  2,131,911. 

-\utomobile  Lighting  System.  Ap¬ 
proaching  automobiles  affect  each 
other’s  lighting  systems  to  avoid  blind¬ 
ing.  F.  M.  Harris,  Merchantville,  N.  J. 
No.  2,131,888. 

Sorting.  Two  patents  to  D.  C.  Cox, 
Electric  Sorting  Machine  Co,  Granci 
Rapids,  Mich.,  on  means  for  sorting  as 
to  color  etc.  Nos.  2,131,095  and  2,131,- 
096. 


-all  over  ^ 
the  country . . 

LINGO 


Vertical  Tubular  Steel 

RADIATORS 


^  Engineers  are  quick  to 
recognize  a  product  that 
proves  itself  by  performance. 
Lingo  "Tube"  Radiators  have 
turned  fiction  into  fact  by 
out-performing  the  most  ex¬ 
ceptional  verbal  or  written 
claims  made  for  them.  No 
wonder  so  many  are  now  in 
use— no  wonder  their  users 
are  such  good  boosters. 
Write  to  our  customers — 
then  write  to  us.  Just  send 
your  location,  frequency  and 
power.  All  recommendations 
and  costs  will  he  promptly 
quoted  without  obligation. 

Jusf  off  the  press  — 

"Set  Yoar  Coarse 
by  this  New  Star." 

Write  for  rtew  illustrated 
folder.  Contains  complete  de¬ 
tails  and  answers  to  your 
questions  about  Lingo  Radia¬ 
tors.  WE’d  like  to  send  you 
a  copy  right  away. 


Write 

today 

for 

circalar 


Of  extrsMS  liiht-wsight  for  smer- 
geney  ute.  Can  be  erected  by  two 
men  in  15  minutes.  Compact,  easily 
stored  and  transported.  Standard 
lights,  40  to  lOO  foot. 


John  E.  Lingo  &  Son,  Inc. 

Dept.  E-2  Camden,  N.  J. 


LINGO 


ALL  COLORS  IN  SPECTRUM 
FOR  TELEVISION  TUBES 


CALLITE  LEAD-IN  WIRES 

OF  TUNGSTEN— MOLYBDENUM— KULGRID 


KULCRID 


TUNCSTtX 


PUf  PRODUCTS 

tdinldilllllji  DIVISION 

EISLER  ELECTRIC  CORP.  •  544  39  th  ST.  •  UNION  CITY.  N.  J. 


Motor  Control.  Arc  discharge  tube 
and  circuits  for  controlling  energy  to 
the  motor.  I.  O.  Miller,  Brown  &  Sharp 
Mfg.  Co.  No.  2,119,715. 

Workpiece  Control.  System  for  con¬ 
trolling  machine  tool  equipment. 
Walter  Fouquet,  WE&MCo.  No. 
2,114,835. 

Oscillator..  Generator  of  sound 
waves  for  audiometric  work  on  the 
human  ear.  Sam  Snead,  Otoflex  Corp. 
No.  2,119,971. 

Door  Opener.  Responsive  to  dif¬ 
ferential  illumination  of  two  points. 
A.  H.  Lamb,  Weston  El.  Inst.  Corp. 
No.  2,096,902. 

Traffic  Control.  Ultra  high  frequency 
svstem  using  directive  transmission. 

S.  Halstead,  N.  Y.  No.  1,131,042. 

Stabilizing  Apparatus.  Impressing  a 
stabilizing  couple  on  a  ship,  measuring 
angle  of  rolling  and  couple  of  rolling, 
forming  time  derivatives  and  integrals 
of  these  quantities  forming  a  linear 


I  Tungsten  in  Callite  Hard  Class  Welds  is  pro¬ 
cessed  to  give  compart  fibrous  structure  free 
from  longitudinal  cracks  and  is  centerless 
ground  to  eliminate  surface  imperfections. 

Molybdenum  supports  are  rigid  and  maintain 
proper  alignment  of  tube  parts.  Only  pure 
metals  of  best  quality  are  used. 

For  Kulgrid  ‘C’  Strand  does  not  oxidize,  does  not 
*  in!  become  brittle,  and  welds  more  readily  to 
tungsten  and  copper. 


function  of  these  quantities  and  u.sing 
this  linear  function  to  control  the  ship. 
Y.  A.  Rocard,  Paris.  No.  2,130,929. 


INEXPENSIVE  FACSIVIILE 
RECORDER 


Many  stations  find  this  exact  measuring  serr- 
ice  of  great  value  for  routine  observation  of 
transmitter  performance  and  for  accurately 
calibrating  their  own  monitors. 

MEASUREMENTS  WHEN  YOU  NEED  THEM  MOST 
at  any  boar  every  day  in  the  year 

R.C.A.  COMMUNICATIONS,  Inc. 

Commercial  Dept. 

A  RADIO  CORPORATION  OF  AMERICA  SERVICE 

6  BROAD  STREET  NEW  YORK,  N.  Y, 


WAXES  •  COMPOUNDS  •  VARNISHES 
for  ELECTRICAL  INSULATION 


Zopkar  offars  prompt  servica  on  InMlating  Compoandi  for 
a  wida  variaty  of  alactrieal  applicatioas,  including: 

.  .  .  insulation  for  CONDENSERS,  TRANSFORMERS,  COILS,  powar 
packs,  pot  haads,  sockats,  wiring  davicas,  wat  and  dry  battarias,  ate. 
Also  WAX  SATURATORS  for  braldad  wira  and  tapa.  WAXES  for 
radio  parts. 

Spacial  compounds  mada  to  yoar  ordar. 


ZOPHAR  MILLS  INC 


This  radio  facsimila  racaivar,  aaid 
to  tall  for  aiqhty  dollars  will  pick 
up  and  scan  typo  and  pictures  to 
produce  a  miniature  newspaper. 
The  Crosley  name  may  be  seen  on 
the  upper  half  of  the  cabinet. 


Brooklyn,  N.  Y. 

FOUNDED  1t44 
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Callite  Products,  pioneer  in  FLUORESCENT  MATERIALS, 

now  has  arailable  for  immediate  delivery  SILICATES  and 

TUNGSTATES,  in  all  colors  in  the  spectrum,  for  Cathode 

Ray  Television  Tube  applications.  Callite  engineers  will 

be  glad  to  cooperate  with  you  in  finding  the  proper 

fluorescent  material  for  your  tube  design. 

Voltage  Regulation.  Patents  to  W. 
H.  Howe,  Cincinnati  Milling  Machine 
Co.  No.  2,082,496  and  2,082,497.  No. 
2,118,440  to  F.  G.  Logan,  Ward  Leon¬ 
ard  Electric  Co.  No.  2,117,138  to  C.  D. 
Bock,  New  York,  N.  Y. 

Measuring  Equipment.  Patents  to  J. 
D.  Ryder,  Bailey  Meter  Co.  No.  2,127,- 
845  and  2,127,846. 

Musical  Instrument.  An  electrical 
musical  instrument  comprising  a  fre¬ 
quency  dividing  system  for  supplying 


a  plurality  of  frequencies  for  octave 
notes  of  the  instrument.  Laurens 
Hammond,  Chicago,  Ill.  No.  2,126,682. 

Haze  Penetrator.  A  filter  which 
passes  infrared  rays,  a  cathode  ray 
tube,  etc.  H.  E.  Jones,  Kansas  City 
Testing  Laboratory.  No.  2,121,771. 

Burglar  .4larm  System.  -\n  ampli¬ 
fier,  a  piezo  electric  crystal  and  en¬ 
closure  in  which  the  air  is  maintained 
at  a  pressure  different  from  that  on 
the  outside.  L.  H.  Chase  and  C.  L. 
Loudon,  Holmes  Electric  Protective 
Co.  No.  2,129,261. 

Charge  Indicator.  Device  for  indi¬ 
cating  a  charged  condition  of  the  frame 
of  a  vehicle  having  a  power  circuit 
comprising  an  indicator,  an  electron 
tube,  a  polarized  relay  connected 
across  the  power  circuit,  etc.  L.  C.  Jos¬ 
ephs  and  L.  J.  Heine,  Mack  Mfg.  Corp. 
No.  2,125,050. 

Recorder.  A  balanceable  network 
which  can  be  unbalanced  to  produce 
an  alternating  current  whose  phase 
and  amplitude  correspond  to  the  sense 
and  magnitude  of  a  change  of  a  condi¬ 
tion.  Leo  Behr,  A.  J.  Williams  and 
J.  V.  Adams,  Leeds  &  Northrup  Co. 
No.  2,124,684. 

Statistical  Machine.  Records  on  film 
are  fed  past  a  photocell  for  tabulation 
purposes.  J.  W.  Bryce,  IBM  Corp. 
No.  2,124,906. 

Measuring  Instrument.  A  galva¬ 
nometer  for  use  in  rail  testing.  D.  C. 
Bettison  and  F.  H.  Keaton,  Omaha, 
Neb.  No.  2,125,983. 


GOAT  RADIO  TUBE  PARTS,  inc 

0 

(A  DIVISION  OF  THE  FRED  GOaT  CO..  EST.  Ii93) 

314  DEAN  ST.,  BROOKLYN,  N.  Y. 


NEW  PRESTO  RECORDER 
ADDS  SOUND  TO  HOME  MOVIES 


^'ith  tliis  new  Presto  m«»(lel  M  recorder  you  can  record  sound  as  you  take  your 
home  movies  then  repnohice  the  sound  as  the  picture  is  projected.  Two  12", 
dual  speed  (78  &  33  1/3  KPM I  turntahles  enable  you  to  record  and  playback 
records  continuously,  without  interruption.  The  amplifier  has  a  two  position 
mixer  to  permit  rwiirdinp  simultaneously  from  two  microphones  or  to  dub  in 
background  music  and  sound  effects  with  the  voire  of  the  commentator.  The 
entire  e<|uipment  is  mounted  in  a  single  carrying  case  which  measures  10"xl5  x35  ' 
and  weighs  62  lbs. 

^  rile  f«>r  folder  giving  full  description  of  the  Presto  model  M  recorder 
and  its  many  uses. 

DDCCTn  RECORDING  CORP. 

rnCO  I  U  246  W.  SSth  St.,  New  York,  N.  Y. 


GOAT'S  HISTORY  OF  SIGNIFICANT  EVENTS— 2 


a  few  people  in  an  unbelieving  world  taw 
the  first  preview  of  a  moving  picture  fea¬ 
ture.  From  that  humble  beginning  has 
grown  the  huge  cathedrals  of  the  modern 
film  entertainment,  as  we  know  it  today, 
reaching  into  nearly  every  corner  of  the 
world. 


TODAY... 


In  that  same  year,  Fred  Goat,  founder  of  the  Fred 
Goat  Company,  celebrated  his  first  business  anni¬ 
versary,  Today,  as  the  leading  independent  sup¬ 
plier  of  radio  tube  shields,  Goat  Radio  Tube  Parts, 
Inc.  (a  division  of  the  Fred  Goat  Co.)  points  with 
pride  to  the  compact,  form  fitting  tube  shields 
which  have  been  developed  in  cooperation  with 
the  industry's  leading  engineers  .  .  .  and  which  are 
so  important  to  improved  set  performance. 
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TYPE  RA-273 


Acoustic  Laboratory 


Production  Testing 


This  provides  the  full  equivalent,  in 
a  single  instrument,  of  the  RA-245 
Sound  Level  Meter  and  RA-243  Filter 
Set,  an  ideal  combination  for  loud¬ 
ness  measurement  and  wide  band 
analysis  in  tbe  laboratory.  Rugged¬ 
ness  and  reliability  are  emphasized 
and  controls  are  arranged  for  con¬ 


venient  routine  testing  in  the  plant. 


The  sound  meter  section  is  stabilized 
by  the  use  of  feedback  amplifier  and 
moving  coil  microphone.  It  meets  all 
requirements  of  the  A.S.A.  standards. 
The  filter  section  provides  a  large 
selection  of  high-pass,  low-pass  and 
octave-width  band-pass  characteristics. 


Laboratory  Acoustic  Instruments 


\  Production  Test  Equipment 

/  • 

\Testing  and  Consulting  Services 


')  Electrical  Research  Products  Inc. 

\  SUBSIDIARY  OF 


Wtsttm  Eltctric  Company 

195  BROADWAY,  NEW  YORK 


THEREMIN  PATENTS 


For  SALE  OUTRIGHT  or  EXCLUSIVE  LICENSE  in  many  fields 


We  own  and  offer  at  a  fraction  of  their  value: 


U.  S.  Patent  No.  1,658,953  Feb.  14,  1928 
U.  S.  Patent  No.  1,661,058  Feb.  28.  1928 

The  Theremin  patents  contain  many  basic  claims  in  the  "Body  Capacity"  field.  This 
field  contains  countless  avenues  for  commercial  electronic  products.  All  fields  are 
open  for  license  except  the  Burglar  Alarm  Field,  which  has  already  been  licensed. 

To  radio  manufacturers,  it  gives  the  possibility,  at  little  additional  cost,  of  combining 
the  "Theremin"  with  a  radio,  giving  the  customer  not  only  a  radio,  but  a  musical 
instrument  as  well,  that  he  and  his  family  can  play  on. 


TELETOUCH  CORPORATIONf  37  west  54th  St..  New  York,  N.  Y. 


Television,  Inc.  No.  2,109,289.  See 
also  2,124,057  to  P.  T.  Farnsworth  on 
a  beam  scanning  dissector. 


What  Good  is 

PRECISION? 


OF  course,  we  believe  with  you, 
that  precision  is  important. 
But,  we  say,  MORE  important  is 
constancy.  For,  without  con¬ 
stancy,  what  good  is  accuracy? 
With  this  in  mind,  Recoion  uses 
only  the  finest  quality,  hard, 
tempered  steel  so  the  needle  will 
HOLD  its  precision.  Recoton 
gives  the  steel  a  high  mirror 
polish  to  eliminate  scratch  from 
the  recording.  Recoton  steel 
cutting  needle  is  a  finished  prod¬ 
uct  with  precision  only  ONE  of 
its  MUST  qualities. 
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Television  &  Radio 

Electron  Multiplier.  Patent  No.  2,- 
117,089,  on  an  electronic  oscillator  and 


multiplier.  R.  R.  Goodrich,  RCA;  No. 
2,113,378  on  electron  multiplier  to  E. 
A.  Massa,  Jr.,  and  Louis  Malter,  RCA; 
No.  2,113,264  to  G.  B.  Banks,  RCA. 


Mosaic  Electrode.  Steps  and  method 
of  preparing  a  photo-sensitive  mosaic 
electrode  upon  a  metallic  plate.  Max 
Knoll,  Telefunken.  No.  2,116,901. 

Television  System.  Reissue,  No.  20,- 
700  to  W.  L.  Carlson,  RCA. 

Narrow  Channel  System.  Method  of 
broadcasting  comprising  amplifying  a 
section  of  the  audio  band  to  be  modu¬ 
lated,  this  section  comprising  lower 
frequencies  and  separately  amplifying 
the  remaining  part  of  the  audio  band, 
modulating  the  first-named  section  in 
a  two-side  band  modulator  and  the 
second  section  in  a  single-side-band 
modulator,  amplifying  the  modulation 
products  to  different  amplitudes,  and 


adding  the  modulation  products,  all 
with  the  idea  of  broadcasting  with  a 
reduced  band  width.  Nicolaas  Koo- 
mans.  The  Hague,  Netherlands.  No. 
2,110,046. 


Projection  Oscillograph.  A  high 
power  projection  device.  P.  T.  Fanis- 
worth  and  F.  J.  Somers,  Farnsworth 


1 


Professional 

Services 


(Rntes  on  AppliraHon) 


ELECTRICAL  TESTING 
LABORATORIES 

Ch»r«cterUtlc* 
of  Vmcuum  Tube* 

of  photo  cells.  kIow  lamp*,  crater  lamps. 
TcNt.s  ol  electronic  and  optical  devices. 

Ka.st  Knil  Avenue  and  79th  Street 
New  York.  N.  Y. 
rimne;  Hutterfleld  8-2000 


INTERNAIIONAl  ELECTRONICS.  INC. 

DESIGN  AND  DEVELOPMENT 

lUdio  .  Television 

Sound  .  Klectronics 

MANUFACTURING  METHODS 

Comlensers  .  iStbes  .  Ueslstors 

Vlhiaturs .  Ijinips  .  Speakers 

630  Filth  Avenue  New  York.  N.  Y. 

Cable:  Interengln,  New  York 


HAROLD  J.  McCREARY 

Mem.  A.  I  K  K.  A  W.S.K. 

CoRSwfflng  EaglR*«r 

I/aboratory  F'acilitlt^ 

Ue-eaii'h  FTlectronlcs 

iH-\elo|*iient  Television 

Ihsoan  lladio 

Kaciorv  Practise  Itailroad  SlgnalinR 
Patent  Studies  ’Mephonjr 

IDS  W.  Adams  St.  Phon*  ST  Ate  4003  Chicago.  III. 


RADIO  DEVEIOPMENI  &  RESEARCH  COOP. 

ttlXSlI.TANTS  AND  DKSIGNKIIS 
Incliidlnii 

Anipllflers— Antennas  Transmitters 
Iteceliers — I^aNiratory  Kqulpment 
Siss-ial  euiiipiiieni  deslamsl  and  const ructerl 
14.')  West  4.^th  Street.  New  York.  N.  Y. 

Tel.  Kltvant  9  0898 


Radio  &  Television  Engineering  Service 

Koreign  anil  Domeatic  Service* 

«  tlXsn.TANTS,  DKSIONF.ILS  AND  MFY5S.  FDK 
Klwt  runic  Devlivs  farrier  FVeuuency  F>iulpment 
llts'clver*  Ampllflrrs  .S()ecl*l  Test  FTyuipment — 
Transndtler.  etc. 

fllfton  Ttieatre  Hldg..  Main  Ave..  Clifton.  N.  J. 
l*tione  Passaic  2-1333 


ROWE  RADIO  RESEARCH  UBORATORY  CO. 

DOMESTIC  SECTION 

Development  Engineers  of  Radio  Receivers 
Allied  Apparatus  and  Comiionenta. 

D' signers  and  foitstructors  of  Special  Eijuipment. 

Complete  Laboratory  Facllitlea. 

1103  Bryn  Miwr  Ave.  Chicago.  Illinois 

Telephonet — Longboach  3183-3164 


ROWE  RADIO  RESEARCH  UOORATORY  CO. 

FOREIGN  SECTION 

Engineering  Information  SpeclalLsta  and 
Consultant*. 

Complete  laboratory  at  Disposal  of  Clients. 

I  111  rent  Radio  Receiver  Characteristics  Available. 
Sales.  Patent  and  IJceiLse  Negotiation 
Intermediaries. 

1103  Bryn  Mawr  Ava.  Chicago.  Illinoit.  U.S.A. 
_ Cable  Addreta— RORADLAB  CHICAGO 


1‘ROFESSIOINAL  ASSISTANCE 

in  the  aolvinK  of  your  most  ditticult  prob- 
leniB  In  the  highly  specialized  field  of 
electronic  devices  is  offered  by  consul- 
tarits  whose  cards  appear  on  this  page. 


Oscillator  Stabilizer.  A  fretiuency 
converter  system.  J.  D.  Reid,  RCA. 
No.  2,121,447. 

Program  Selector.  .An  automatic 
time  and  program  selector  involving  a 
time  clock,  switch  and  station  selector 
for  radio  receivers.  C.  F.  Peters,  Great 
Kills,  Staten  Island,  N.  Y.  No.  2,122,- 
779. 

Variable  Selectivity  Circuit.  M.  L. 
Levy,  Stromberg-Carlson  Tel.  Mfg.  Co. 
No.  2,122,653. 

Amplifier.  Two  tubes  connected  to¬ 
gether  in  the  following  manner:  a  high 
reactance  coil  is  connected  in  shunt  to 
the  grid-cathode  of  the  first  tube  and 
in  the  grid-cathode  of  the  second  tube 
one  terminal  of  said  reactance  coil  is 


connected  to  the  ground  for  maintain¬ 
ing  the  grid  of  the  second  device  at 
or  near  ground  potential  when  no  sig¬ 
nals  are  being  transmitted.  J.  G. 
Aceves,  Revelation  Patents  Holding 
Co.  No.  2,113,263. 

Remote  Control.  N.  M.  Rust,  RCA. 
No.  2,114,031. 

Automatic  Wave  Selector.  No.  2,- 
I  114,068  to  A.  W,  Plensler,  Belmont  Ra- 
I  dio.  Filed  Sept.  3,  1929.  42  claims. 

Automatic  Tuning  Control.  Patent 
No.  2,108,420.  C.  J.  van  Loon,  Philips; 
No.  2,121,735-2,121,736  to  D.  E.  Foster, 
RCA;  2,121,103  to  S.  W.  Seeley,  RCA; 
No.  2,120,974  to  D.  E.  Foster,  RCA, 
and  No.  2,123,716  to  M.  G.  Crosbv. 
RCA. 


British  Patents 

Tube  Applications 


Lens  Testing.  Testing  focal  length, 

/9  fS,  -0  jVv  ,,  FIG. 2. 


ii 


etc.,  of  lenses  and  mirrors  by  phototube. 
G.  Collins.  No.  483,003. 

Steam  Testing.  Transparency  alter¬ 
ing  its  moisture  content  of  steam  is 
utilized  to  give  information  regarding 
the  moisture  content.  Schmidt’sche 
Heissdampf.  No.  484,144. 


COWKISW"®'®®'" 

CONOtNSW  ^ 

WRITE  FOR  DESeWPTIV 


Heintz*"'^  Kaufman 


micROHin 


AIR  COOLED 

POWER  RESISTORS 


Mounted 

Horizontal 


9  NEW  in  principle  .  .  .  the  type  CA 
Microhm  Air  Cooled,  Power  Resistor  meets 
the  industry's  demand  for  a  power  resistor 
that  was  smaller,  more  adaptable  for  various 
mounting  arrangements,  that  would  run  cooler 
in  smaller  places,  and  that  was  unaffected 
by  moisture  and  atmospheric  conditions. 
Standard  size  units,  l%"  a  P/g"  O.D.;  both 
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gives  a  resultant  net  diaphragm  pres¬ 
sure  equal  to  zero.  The  microphone 
will  not,  therefore,  produce  electrical 
output  for  sound  waves  arriving  from 
the  rear. 

It  has  been  tacitly  assumed  that  P, 
and  /'a  have  the  same  magnitude.  This 
assumption  is  valid  if  the  wavelength 
of  sound  is  several  times  as  great  as 
the  dimensions  of  the  instrument,  which 
in  the  above  microphone  is  true  up  to 
approximately  2500  cycles  per  second. 
At  higher  frequencies  the  described 
pressure  relationship  d(H‘s  not  hold,  but 
diffraction  effects  tend  to  give  a  rela¬ 
tively  low  sensitivity  for  sounds  arriv¬ 
ing  from  the  rear.  Through  careful 
design  of  the  external  case  housing 
the  microphone  unit,  unidirectional  ac¬ 
tion  is  maintaintMlHit  all  _yie  important 
frequencies  of  fne '^und\pertrt^i,  with 
an  average  front-to-back  discrimina¬ 
tion  of  approximately  15  db. 

Equation  (1)  indicates  that  the  pha.se 
angle  0  is  proportional  to  frequency, 
and  an  examination  of  the  vector  dia¬ 
gram  of  Fig.  2a  will  show  that  this 
causes  the  resultant  pressure  upon  the 
crystal  to  increase  with  frequency. 
Electrical  compensation  is  provided  in 
the  microphone  to  achieve  a  smooth 
wide-range  front-side  response. 


the  latter  leads  the  former  by  the  same 
angle  0. 

The  pressure  P«  acts  through  the 
acoustical  network  developing  a  pres¬ 
sure  Pj  in  the  chamber  g.  The  net 
effective  pressure  upon  the  diaphragm 
and  hence  upon  the  crystal,  is  the 
vector  difference  between  Pj  and  P*. 
Through  proper  selection  of  constants 
of  the  acoustical  network  it  is  possible 
to  attain  a  condition  whereby  at  all  im¬ 
portant  frequencies  Pj  is  of  the  same 
magnitude  as  P,  but  lags  it  by  the 
angle  0  given  in  Eq.  (1). 

The  manner  in  which  unidirectional 
action  is  attained  may  be  shown  con¬ 
veniently  by  reference  to  vector  dia¬ 
grams  of  Fig.  2.  Fig.  2a  represents  the 
front  or  0°  incidence  of  sound.  P, 
leads  Pj  by  the  angle  0,  and  P,  lags  P, 
by  the  same  angle.  Therefore  P,  and 
P,  are  displaced  by  an  angle  20.  Sub¬ 
traction  of  P,  from  P,  gives  the  re¬ 
sultant  pressure  R  which  acts  upon 
the  piezoelectric  crystal. 

Figure  2b  represents  the  phase  po¬ 
sition  of  sound  pressures  for  the  rear 
or  180°  incidence  of  sound.  For  this 
incidence  Pj  lags  P,  by  the  angle  0,  and 
since  P*  also  lags  P,  by  the  same  angle, 
Pi  and  Pj  are  in  phase  and  the  sub¬ 
traction  of  the  latter  from  the  former 


Unidirectional 

Microphone 


(Continued  from  page  62) 


parts.  A  light  duraluminum  diaphragm 
e  is  coupled  to  the  bimorph  Rochelle 
salt  crystal  /  by  means  of  a  connecting 
rod.  One  side  of  the  diaphragm  is  ex¬ 
posed  directly  to  the  sound  waves,  while 
the  other  is  adjacent  to  the  enclosure  g 
forming  part  of  the  acoustical  network 
structure  which  affords  communication 
with  the  rear  side  of  the  unit. 

A  sound  wave  moving  in  the  direction 
indicated  by  the  0°  arrow  arrives  at 
the  front  of  the  microphone  a  trifle 
earlier  than  it  does  at  the  rear  be¬ 
cause  of  the  additional  distance  d 
which  it  must  travel.  Therefore  the 
sound  pressure  Pi  leads  P,  by  a  phase 
angle 


where  0  is  the  angle  in  radians  and  c  is 
the  velocity  of  sound. 

For  180°  incidence  the  relative  phase 
position  of  P,  and  P,  is  inverted  and 
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